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APPENDIX  A 

Definition*,  Nomenclature*  and  Unit* 


APB  -  Air  Force  Base 

Aquifer  -  geologic  unit  capable  of  storing  and  transmitting  significant 
quantities  of  water. 

DOD  -  Department  of  Defense 

EPA  -  Environmental  Protection  Agency 

GC  -  Gas  Chromatography 

GC-MS  -  Gas  Chromatography-Mass  Spectrometry 

Indurated  -  rendered  hard,  as  by  heat,  pressure  or  cementation 

IRP  -  Installation  Restoration  Program 

mg/1  -  milligrams  per  liter 

POL  -  Petroleum,  oil  and  lubricants 

PVC  -  Polyvinyl  Chloride 

RCRA  -  The  Resource  Conservation  and  Recovery  Act 
RWDS  -  Radiological  Haste  Disposal  Site 
ug/L  -  Micrograms  per  liter 


OSAF  -  United  States  Air  Force 


Revision  1, 
84  Aug  27 


84  Apr  16 

INSTALLATION  RESTORATION  PROGRAM 
PHASE  II,  STAGE  2  FIELD  INVESTIGATION 
TINKER  AFB,  OKLAHOMA 


I.  DESCRIPTION  OF  WORK 

The  purpose  of  this  task  is  to  determine  if  environmental  contamination 
has  resulted  from  solvent  storage  and  waste  disposal  practices  at  Tinker  AFB 
OK;  to  provide  estimates  of  the  magnitude,  extent  and  direction  of  movement 
of  contamination  should  contamination  be  found;  to  identify  potential  environ* 
mental  consequences  of  migrating  pollutants,  and  to  identify  future  monitoring 
efforts  required  to  document  conditions  at  Tinker  AFB. 

Ambient  air  monitoring  of  hazardous  and/or  toxic  material  and  Air  Force 
personnel  shall  be  accomplished  when  necessary,  especially  during  drilling 
operations. 

The  presurvey  report  (mailed  under  separate  cover)  and  Phase  I  IRP  report 
(mailed  under  separate  cover)  Incorporated  background  and  description  of  the 
sites  for  this  task.  To  accomplish  this  investigation,  the  contractor  shall 
take  the  following  actions:  » 

A.  General 

1 .  All  water  samples  collected  shall  be  analyzed  on  site  by  the 
contractor  for  pH,  temperature  and  specific  conductance.  Sampling,  maximum 
holding  time  and  preservation  of  samples  shall  strictly  comply  with  the 
following  references:  standard  Mctfaotia  Zsul  Jha.  Exaainatl on  qL  Hater  and 
Wastewater.  15th  Ed.  (1980),  pp.  35-42;  AS1M.  Part  31,  PP.  76-86,  (1980), 
Method  D-3370;  and  MetfaQda  IflC  Chemical  Analysis  aJL  Waters  god  Wastes.  EPA 
Manual  600/4-79-020,  pp.  xiii  to  xlx  (1979).  Minimum  detection  limits  and 
methods  for  analysis  are  shown  in  Attachment  1 . 

2.  All  wells  Installed  during  this  effort  shall  be  constructed  of 
Schedule  40  PVC  casing  and  screen.  Each  well  shall  be  completed  to  ten  feet 
below  the  level  of  the  aquifer  to  be  monitored,  and  ten  feet  of  screen  shall 
be  set.  Each  well  shall  be  provided  with  a  surface  grout  seal,  protective 
steel  casing  with  locking  cap  and  three  guard  posts  placed  radially  away  from 
the  well. 

a.  Shallow  wells  shall  be  installed  into  the  first  water  bearing 
zone  encountered  (average  depth,  30  feet).  Well  casing  and  screen  shall  be  2” 
ID  PVC;  wells  shall  be  Installed  using  hollow-stem  auger  drilling  techniques. 

b.  Deep  wells  shall  be  Installed  into  the  first  significant 
saturated  sandstone  body  encountered  (average  depth,  100  feet).  Well  casing 
and  screen  shall  be  4”  ID  PVC;  wells  shall  be  Installed  using  air-rotary 
drilling  techniques. 

c.  Total  footage  of  wells  Installed  shall  not  exceed  1190  linear 

feet. 

3.  All  contractor  installed  wells  shall  be  developed,  water  levels 
measured  and  locations  recorded  on  a  project  map  and  specific  site  maps. 

*  Changes  are  underscored. 
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4.  Field  date  collected  for  each  site  shall  be  plotted  and  mapped. 

The  nature,  magnitude  and  potential  for  contaminant  flow  within  each  zone  to 
receiving  streams  and  groundwaters  shall  be  estimated.  Upon  completion  of  the 
sampling  and  analysis,  the  data  shall  be  tabulated  in  the  next  R&D  Status  re¬ 
port  as  specified  in  Item  VI. 

B.  In  addition  to  items  delineated  in  A  above,  conduct  the  following 
specific  actions  at  sites  identified  on  Tinker  AFB: 

1.  Buried  Tanks  and  Pits  (Bldg  3001) 

a.  Inventory  past  and  present  industrial  operations  to  locate 
any  buried  storage  tanks  or  pits  within  a  quarter-mile  radius  around  Bldg 
3001.  To  perform  the  inventory,  the  contractor  shall: 

(1)  review  available  Air  Force  records; 

(2)  interview  appropriate  Tinker  Air  Force  Base  personnel; 

and, 

(3)  conduct  a  detailed  surface  inspection  tour.  No  tanks  or 
pits  shall  be  entered  or  sampled. 

b.  Provide  the  results  of  this  inventory,  with  summary  of  find¬ 
ings  and  recommendations  for  future  work,  in  the  final  report  specified  in 
Item  VI. 


2.  Base  Vater  Supply  Wells 

a.  Measure  depth  to  water  in  each  available  (27)  base  water  sup¬ 
ply  wells,  after  a  shutdown  of  2-4  days  for  equilibration.  Wells  shall  be 
shutdown  and  measured  in  blocks;  the  shutdown  shall  be  coordinated  with  the 
contractor,  but  shall  be  performed  by  Tinker  AFB  personnel  (included  in  Base 
Support,  Item  III). 

b.  Determine  the  elevation  of  the  piezometric  surface  and  the 
local  directions )  of  groundwater  flow  in  the  regional  aquifer  based  on  the 
depth-to-water  measurements.  Provide  the  depth- to- water  data  in  the  next  R&D 
status  report  as  specified  in  Item  VI. 

c.  Compile  an  inventory  of  all  public  and  private  wells  in  the 
vicinity  of  the  eastern  boundary  of  Tinker  AFB  based  on  data  available  from 
the  State  of  Oklahoma.  The  contractor  shall  obtain  these  data  from  the  state. 
Water  pumping  rates  and  static  depth  to  water,  where  available,  shall  also  be 
used  in  the  calculation  specified  in  I. B. 2(b)  above. 

3.  Landfill  Six 

a.  Install  three  shallow  and  four  deep  monitor  wells  in  the 
vicinity  of  Landfill  Six.  The  shallow  wells  shall  be  installed  along  the 
northern  boundary  of  the  base  (below  toe  of  landfill);  the  deep  wells  shall  be 
Installed  around  the  private  well  located  north  of  the  landfill  (information 
on  private  well  provided  under  separate  cover). 
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b.  Sample  each  well  twice  for  Volatile  Organic  Halogens  (14 
analyses).  Sample  each  well  once  for  Volatile  Organic  Compounds  (VOC)  and 
Base/Neutrals  and  Acid  Extractable  (BNE)  compounds  (7  analyses  each  for  VOC 
and  BNE). 

c.  Collect  and  analyze  one  groundwater  sample  from  monitor  well 
#2A  south  of  Landfill  6.  The  water  sample  shall  be  analyzed  for  purgeable 


Halocarbons  using  EPA  Method  601.  The  contractor  shall  use  the  detection 


Radioactive  Waste  Disposal  Sites 


Conduct  a  geophysical  investigation,  using  a  magnetometer  or 
equivalent  technique  to  determine  the  exact  location  of  the  radioactive  waste 
disposed  at  sites  (ewus)  TTJ22E  and  b259B.  Si te  SWDS ~6 25 98  contai ns  a” "fead 
still"  made  or  sneet  ieaa  ana  is  located  south  of  “Facility  1 025  and  “north  of 
Orutcho  ureex  (.See  Actab7ffl6Tif'2T31T5"'itWDS  1U22K  contains  approximately- TPTO 
lead  pigs  containing  lbw^TeveT'radioactive  materials  and  is  located  adjacent 
to  the  northwest  corner  of  Landfill 'NoT3  south  of  West  Crutcho  Creek  (See 
Attachment  2) ♦ 

5.  Building  3001 

a.  Install  seven  deep  monitor  wells  in  the  vicinity  of  Bldg 
3001  between  the  building  and  the  eastern  base  boundary.  Three  wells  shall 
be  installed  along  East  Drive;  four  wells  shall  be  Installed  along  Douglas 
Boulevard. 

b.  Sample  each  well  twice  for  Volatile  Organic  Halogens  (14 
analyses).  Sample  each  well  once  for  VOC  and  BNE  compounds  (7  analyses  each) 

6.  Stream  Sediment  Study 

a.  Collect  stream  sediment  samples  at  24  locations  on  Tinker 
AFB  as  shown  in  Attachment  2. 

b.  Analyze  the  sediment  samples  for  the  parameters  shown  in 
Attachment  3. 

C.  Set  up  and  drilling  at  site  Landfill  Six  shall  not  proceed  until 
written  authorization  is  forwarded  to  the  contractor  by  the  PCO  or  his/her 
representative.  The  reason  for  this  is  that  appropriate  Tinker  AFB  personnel 
are  in  the  process  of  obtaining  the  required  permit(s)  to  drill  on  this  non 
Air  Force  Property. 

D.  Data  Review 

Results  of  sampling  and  analysis  shall  be  tabulated  and  Incorporated 
in  the  Informal  Technical  Information  report  (Sequence  3  Attachment  1,  and 
Sequence  2  Attachment  3  as  reflected  in  Item  VI  below)  and  forwarded  to 
0SAF  OEHL/TS  for  review.  Results  shall  also  be  forwarded  as  available  in  the 
next  monthly  R&D  status  report. 


F33615-83-D-4001,  002101 


B-5 


E.  Reporting 

1 .  A  draft  report  delineating  all  findings  of  this  field  investiga- 
tion  shall  be  prepared  and  forwarded  to  the  USAF  OEHL  as  specified  in  Item  VI 
below  for  Air  Force  review  and  comment.  This  report  shall  include  a  discus¬ 
sion  of  the  regional  hydrogeology;  well  logs  of  all  project  wells;  data  from 
water  level  surveys;  water  and  stream  sediment  analysis  results;  well,  pit 
and  tank  inventories;  available  geohydrologic  cross  sections;  groundwater 
surface  and  gradient  vector  maps;  and  Laboratory  quality  assurance  informa¬ 
tion.  Ihe  report  shall  follow  the  USAF  OEHL  supplied  format  (mailed  under 
separate  cover). 

2.  Estimates  shall  be  made  of  the  magnitude,  extent  and  direction  of 
movement  of  contaminants  discovered.  Potential  environmental  consequences  of 
discovered  contamination,  where  known,  must  be  identified. 

3.  Specific  requirements,  if  any,  for  future  groundwater  and  surface 
water  monitoring  must  be  identified. 

F.  Meetings 

Two  of  the  contractor's  Senior  personnel  shall  meet  with  Air  Force 
and/or  state,  county  or  federal  officials  on  two  occasions  for  16  hours  each 
to  present  and  discuss  the  results  of  this  Investigation.  Meetings  will  be 
held  at  Tinker  AFB,  on  dates  to  be  established  later. 

II.  SITE  LOCATION  AND  DATES 

Tinker  AFB  OK 

USAF  Clinic/SGB 

Dates  to  be  established 

III.  BASE  SUPPORT:  Tinker  AFB  will  provide  the  following  base  support  for 
these  sites: 

A.  Buried  Tanks  and  Pits 

1.  Provide  relevant  installation  records  and  access  to.  or  support 
of,  reproduction  services. 

2.  Schedule  interviews  with  appropriate  base  personnel  and  provide 
escort  for  industrial  areas. 

B.  Base  Water  Supply  Wells 

1 .  Schedule  and  execute  2-4  day  shutdown  of  blocks  of  base  water 
supply  wells.  This  will  incur  minimal  effect  on  base  water  supply. 

2.  Provide  wellhead  elevation  data  of  each  base  water  supply  well. 

If  data  is  not  available,  base  will  obtain  such  data  by  surveying. 
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1.  Provide  required  surveying  to  determine  relative  elevations  of 
monitor  wells. 


2.  Provide  cuttings  removal  and  drill  site  cleanup,  including  pack 
aging  when  required. 


D.  Bldg  3001 

1 .  Provide  advance  drill  site  clearance  for  selected  locations. 

2.  Provide  temporary  construction  barriers  and  parking/traffic 
control  support  for  wells  sited  in  parking  lots  and/or  roadways. 

3.  Provide  required  surveying  to  determine  relative  elevations  of 
monitor  wells. 


4.  Provide  cuttings  removal  and  drill  site  cleanup,  including  pack 
aging  when  required. 


CV.  GOVERNMENT  FURNISHED  PROPERTY: 

V.  GOVERNMENT  POINTS  OF  CONTACT 

1.  Capt  Robart  Bauer 
OSAF  OEHL/TS 
Brooks  AFB  TX  78235 
(512)  536-2158 
AV  240-2158 


None 


2.  Col  Harry  Russell 
HQ  AFLC/SGPB 

Wright- Patter son  AFB  OH  45433 
(513)  257-6210 
AV  787-6210 


3.  Capt  Darrel  Cornell 
USAF  Hospital/ SGB 
Tinker  AFB  OK  73^5 
(405)  734-7844 
AV  7  35-7844 
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VI.  In  addition  to  sequence  numbers  1 ,  5  and  10  which  are  applicable  to  all 
orders,  the  reference  numbers  below  are  applicable  to  this  order.  Also  shown 
are  data  applicable  to  this  order. 

Sequence  MO.  Block  10  Block  .U  Block  12  Block  13.  Block  14 

Attachment  1 

4  ONE/R  84  NOV  05  84  NOV  19  85  FEB  18  • 

3  ONE/T  ••  ••  2 

Attachment  3 

2  ONE/T  ••  ••  2 

•A  minimum  of  two  draft  reports  will  be  required.  After  incorporating  Air 
Force  comments  concerning  the  first  draft  report,  the  contractor  shall  supply 
the  USAF  OEHL  with  a  second  draft  report.  The  report  shall  be  forwarded  to 
the  applicable  regulatory  agencies  for  their  comments.  Contractor  shall 
supply  the  USAF  OEHL  with  25  copies  of  each  draft  report  and  50  copies  plus 
the  original  camera  ready  copy  of  the  final  report. 

••Upon  completion  of  analysis. 
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Analytical  Methods  and  Required  Detection  Limits 
(For  Water  Unless  Otherwise  Shown) 


Parameter 

Method 

Detection  Limit 

Arsenic 

EPA  206.2 

10  pg/L  (1.0  |ig/g,  sediment) 

Barium 

or  206.3 

EPA  208.2 

200  pg/L  (20  |ig/g,  sediment) 

Cadmium 

EPA  213.2 

10  pg/L  (1.0  pg/g.  sediment) 

Chromium 

EPA  218.1 

50  pg/L  (5.0  pg/g,  sediment) 

Lead 

EPA  239.2 

20  pg/L  (2.0  pg/g.  sediment) 

Mercury 

EPA  245.1 

1  pg/L  (0.1  pg/g,  sediment) 

Selenium 

EPA  270.3 

10  pg/L  (1.0  pg/g,  sediment) 

Silver 

EPA  272.2 

10  pg/L  (1.0  pg/g,  sediment) 

Copper 

EPA  220.1 

20  pg/L  (2.0  pg/g,  sediment) 

Zinc 

EPA  289.1 

50  pg/L  (5.0  pg/g,  sediment) 

Maganese 

EPA  243.1 

50  pg/L  (5.0  pg/g,  sediment) 

Nickel 

EPA  249.1 

100  pg/L  (10  pg/g,  sediment) 

Fluoride 

EPA  340.2 

100  pg/L  (10  pg/g,  sediment) 

Nitrate 

EPA  353.2 

100  pg/L  (10  pg/g,  sediment) 

Cyanide 

Standard  412 

10  pg/L  (1.0  pg/g,  sediment) 

Phenol 

EPA  420.1 

1  pg/L  (1.0  pg/g,  sediment) 

PCBs 

EPA  608 

0.25  pg/L  (1.0  pg/g,  sediment) 

Total  Organic 

Carbon  (TOC) 

EPA  415.1 

1000  pg/L  (1000  pg/g,  sediment) 

Endrin 

Standard  509A 

0.02  pg/L  (0.02  pg/g,  sediment) 

Lindane 

Standard  509A 

0.01  pg/L  (0.01  pg/g,  sediment) 

Methoxychlor 

Standard  509A 

0.20  pg/L  (0.20  pg/g,  sediment) 

Toxaphene 

Standard  509A 

1.00  pg/L  (1.00  pg/g,  sediment) 

2,4-D 

Standard  509B 

0.06  pg/L  (0.06  pg/g,  sediment) 

2,4,5-TP  Silvex 

Standard  509B 

0.06  pg/L  (0.06  pg/g,  sediment) 

Volatile  Organic 

Halogens 

EPA  601 

• 

Volatile  Organic 
Compounds  (VOC) 

EPA  624 

•  • 

Base/Neutrals  and  Acid 
Extractable  Compounds 
(BNE) 

EPA  625 

•  • 

'Detection  limits  for  Volatile  Organic  Halogens  shall  be  as  specified  for  the 
compounds  by  EPA  Method  601.  Method:  Federal  Register,  Vol.  44,  No.  233, 
pp.  69468-69473.  This  method  should  be  strictly  followed  including  these 
items: 

Item  1.4  -  This  method  is  recommended  by  EPA  for  use  only  by  experienced 

residue  analysts  or  under  the  close  supervision  of  such  qualified 
persons. 

Item  2.2  -  This  is  most  important.  If  interferences  are  encountered  (as  in 

early  peaks  such  as  vinyl  chloride),  the  method  provides  a  second¬ 
ary  gas  chromotographic  column  that  will  be  helpful  in  resolving 
the  compounds  of  interest  from  interferences.  This  must  be  done 
in  the  case  of  vinyl  chloride  and  so  noted  in  analysis  report. 
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Items  3.3,  7. 1-7. 3  -  The**  Motion*  on  interference*,  contamination  and  QC 

•honld  be  strictly  followed. 

Itea  8.3  -  All  samples  an*t  be  analyzed  within  the  recoaaended  holding  tines 
This  nnst  be  followed  without  exception. 

If  question*  are  encountered  about  certain  contaminants,  you  nay  be  asked  to 
show  both  chroaatograas  used  to  rule  out  possible  interferences. 

•*Detection  limits  for  VOC  and  BNE  compounds  shall  be  as  specified  for  the 
compounds  by  EPA  Methods  624  and  625  respectively. 
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Attachment  3 


Analytic  Parameters  by  Site 


Parameter 


LF  6 


Bide  3001 


ISlAi 


Volatile  Organic 
Halogens 
Volatile  Organic 
Compounds  (TOC) 
Base/Neutrals  and  Acid 
Extractable  Compounds 
(BNE) 


14 

14 

3 

31* 

m 

7 

7 

2 

16 

7 

7 

2 

16 

y, 

IV  "J 

•\.v 

v  .%■ 

Stream  Sediment 

SA 

Total 

vv 

Arsenic 

24 

3 

27 

£ 

Barium 

24 

3 

27 

Cadmium 

24 

3 

27 

Chromium 

24 

3 

27 

N 

Lead 

24 

3 

27 

Mercury 

24 

3 

27 

£ 

Selenium 

24 

3 

27 

Silver 

24 

3 

27 

Copper 

24 

3 

27 

Zinc 

24 

3 

27 

Maganese 

24 

3 

27 

fer 

Nickel 

24 

3 

27 

■rakwl 

Fluoride 

24 

3 

27 

,-v ' 

Nitrate 

24 

3 

27 

Cyanide 

24 

3 

27 

Phenol 

24 

3 

27 

PCB's 

24 

3 

27 

*  * 

Total  Organic 

Carbon  (TOC) 

24 

3 

27 

Endrin 

24 

3 

27 

r*  ■ 

Lindane 

24 

3 

27 

['-V- 

r’-S 

Methoxychlor 

24 

3 

27 

Toxaphene 

24 

3 

27 

2,4-D 

24 

3 

27 

b 

2. 4, 5-IP  Silver 

24 

3 

27 

•Since  each  sample  for  Volatile  Organic  Halogens  shall  be  analysed  twice  (see 
method  footnote  item  2.2  in  Atch  1),  the  contractor  shall  price  62  analyses  by 
EPA  method  601 


F33615-83-D-4001,  002101 


' ' V*  ••••* 
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APPENDIX  C 

Veil  Numbering  System 


The  veils  drilled  for  the  Tinker  Air  Force  Base  Installation  Restora¬ 
tion  Program,  Phase  II  Stage  2,  were  designated  by  Zone  Number  and 
sequential  letters  within  zones.  This  nomenclature  is  an  extension  of 
that  used  in  the  Stage  1  investigation.  Designators  were  assigned  in 
the  order  in  which  the  drilling  locations  were  established.  Zone  6 
applies  to  the  Building  3001  Investigation.  Zone  7  applies  to  the 
Landfill  7  investigation.  Table  C-l  contains  a  list  of  all  wells  and 
cores  for  the  project,  listed  by  zone  of  investigation. 


LE  C-l.  LIST  OF  WELLS 


Building  3001  Area 


Well  6A 
6B 
6C 
6D 


Well  6E 
6F 
6G 


Landfill  6 


Well  7 A 


Well  7E  (not  completed) 


APPENDIX  D 


Well  Logs 

This  Appendix  contains  the  logs  of  drilling  and  well  completion  activi 
ties  for  the  project.  Table  C-l  (Appendix  C)  containes  a  list  of  all 
wells  and  cores  for  the  project,  listed  by  zone  of  investigation. 


Lithologic  Symbols  Utilized 


Massive  sandstone,  fine-grained 
Sandstone  beds  with  shale  partings 


Shale  with  sandstone  lenses 


Shale 


Inorganic  clays  of  low  to  medium 
plasticity,  gravelly  clays,  sandy  clays, 
silty  clays,  lean  clays 

Gravel 


C1212 


RADIAN 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No  6A 

Location  East  Drive,  north  of  Bradley  Drive 
Log  Recorded  By  W.M.  Little 


Project  Tinker  APB  IRP  Phase  II  Stage  2 
Beainnfna  June  19^4  and  en(j 

26  June  1984  nf  (jrj||jng  operation 
Sampling  Interval  (Estimated!  variable  rft^ 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 


o  £  JS 

Q  CO  ^ 


of  c 

£1,2 

(-  <o  ^ 


Stratigraphy 


Remarks 


SAND,  brown,  fine. 


SHALE,  brown,  grey  mottle,  dry. 


SAND,  red-brown,  fine,  dry. 


GRAVEL,  red-brown,  fine,  silt, 
Sand,  water  returns. 


D-8 


vv 


RADIAN 

C0lt»0««TI0N 


Sheet , 


Log  of  Drilling  Operations 


Boring  or  Well  No.  °A  _ 

Location  East  Drive,  north  of  Bradley, 

Log  Recorded  By _ 


*  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Beginnfhg _ 26  June  1984 _ and  end 

26  June  1984  0f  grilling  operation 
Sampling  Interval  (Estimated)  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

*  Jim  Winnek,  Inc. 


Depth 

(ft) 


°  -2  c  o  -2  c 

o|® 

2  a  «  §:  a  « 

Q  CO  t-  </) 


Stratigraphy 


Remarks 


RADIAN 

CORPORATION 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No.  6B 

Location  East  Drive,  south  of  Bradley  Drive 
Log  Recorded  By  W.M.  Little 


-  Project  Tinker  AFB  IRP  Phase  II  Stage  2 


Beginning  tL  _ and  end 

27  June  1984  0f  ,jrj||jng  operation 

Sampling  Interval  (Estimated)  variable 
Type  Drill  Rig  and  Operator  Tailing  1250 

Jim  Winnek,  Inc. 


17  June 


27  June  1984 


ID  No.  ot 
Sample 
Taken 

Type  of 
Sample 
Taken 

None 

grab 

from 

cuttin; 

Stratigraphy 


Remarks 


CLAY,  red-brown. 


CLAY,  brown. 

CLAY,  grey-brown,  plastic. 


CLAY,  red-brown,  sandy,  dry. 


CLAY,  mixed  red-brown  and  brown- 
black,  plastic,  damp,  minor  sand. 

CLAY,  brown,  sandy. 


SAND,  red-brown,  fine,  silty, 
dry. 


RADIAN 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No.  6B 

Location  East  Drive,  south  of  Bradley  Drive 
Log  Recorded  By  W»M.  Little 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beoinnfha  27  June  1984  gnd  end 

27  June  1984  of  drilling  operation 
Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  nperatnrFailing  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 


**•»  <n 
O  —  C 
m  ® 

t—  C/3  ^ 


Stratigraphy 

Remarks 

Thin  clay  layers 
40-42*. 

SANDY  CLAY,  red-brown. 

SAND,  red-brown,  fine,  little 
clay. 

Same,  lighter  color. 

Same ,  damp . 

Same,  moist. 

Driller  reports 
beginning  of  water 
production. 

D-12 

*  ■  V'  i «  •  m  -  -  *  *  '  •  •  .  *  .  ’  .  *  *.  V.  *  •  *  ■  ", 

V-V*V-V *.v.' 

Same  materials.  TD  =  90'. 


D-13 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No.  6c 

Inflation  East  Drive  at  Entry  Road  A 

Log  Recorded  By  w.M.  Little 


“  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Beginning  27  June  T984  and  end 

28  June  1984  of  grilling  operation 
Sampling  Interval  (Estimated!  variable  (ft! 

Type  Drill  Rig  and  Operator  Tailing  1250 - 

Jim  Winnek,  Inc. 


o  ®  - 

®  g  ® 
2  a  « 
Q  W  H 


®  c  JC 
Q.  5  * 
>.  <8  iZ 
H  <0  *" 


Stratigraphy 


Remarks 


grab  CLAY,  brown,  with  gravel  (fill), 
from 
:utting8 


CLAY,  dark  brown,  sandy. 

SANDSTONE,  light  brown,  hard,  dry. 

SANDY  CLAY,  red-brown,  increasing 
sand  with  depth. 


SAND,  red-brown,  some  clay. 


CLAY,  red-brown,  moist,  friable, 
some  sand,  drier  with  depth. 


Minor  water  at  ^20', 
dry  below,  continuous 
drilling. 


SAND,  red-brown,  fine,  dry. 


•331371a 


RADIAN 

COVROKATION 


Boring  or  Weil  No.  6C 
Location  East  Drive  at  Entry 
Log  Recorded  By  W.M.  Little 


Sheet  2  of _ L 


Log  of  Drilling  Operations 


'  Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beainnthg  27  June  1984  and  end 

28  June  1934  0f  drilling  operation 

Sampling  Interval  /Estimated)  variable _ (ft) 

Type  Drill  Rig  and  Operator  Falling  1250 _ 

Jim  Winnek,  Inc. 


Depth 

(ft) 


•2  o  ®  c  >5  «  c 

■S  a  -TO.®  _  Q.  ® 

S’  O  ©  C  JC  ®  C  X, 

jo  _i  Z  ■=  <a 

a  Q  (0  t-  CO 


Stratigraphy 

Remarks 

No  discharge. 

SAND,  red-brown,  fine,  some  clay. 

SAND,  red-brown,  fine. 

No  change. 

Shale  streak  at  63'. 

Begin  water  produc- 

tlon. 

SAND,  red-brown,  fine,  silt,  some 

Scant  returns. 

water. 

D-16 

RADIAN 

COVPOMTION 


Boring  or  Well  No.  6C 
Location  East  Drive  at  Ent 

Log  Recorded  By _ 


Sheet 


.of _ L 


Log  of  Drilling  Operations 


Road  A 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 

an~^ 

_ . _ of  drilling  operation 

Sampling  Interval  (Estimated!  variable  mi 

Type  Drill  Rig  and  Operator  Falling  1250 

Jim  Winnek,  Inc. 


RADIAN 

COtPOMUTIOM 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No.  ...  6D _ -  Project  Tinker  AFB  IRP  Phase  II  Stage  > - 

I  oration  Douglas  Blvd.  north  of  Bradley  Drive  Raninninn  19  June  1984  snd  end 

Log  Recorded  By  w.M.  Little _  _ 19  June  1984 _ 0f  drilling  operation 

Sampling  Interval  ^Estimated!  variable  (ft) 

Type  Drill  Rig  and  nporatnr  Failing  1250 

Jim  Winnek  Tt1'' 


Stratigraphy 


Remarks 


CLAY,  red-brown,  minor  sand. 
SHALE,  weathered,  red-brown, 
friable,  minor  sand. 


SHALE ,  red-brown . 


SAND,  fine,  red-brown. 


SAND,  fine,  red-brown,  thin  clay  Harder  drilling, 
layers. 


D-19 


RADIAN 

COMOItATIOM 


Boring  or  Well  No.  6E 
Location  Douglas  Blvd.  &  Entry 
Log  Recorded  By  w.M.  Little 


Sheet 


Log  of  Drilling  Operations 


Road  A 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  19  June  1984  and  end 

19  June  1984  0f  drj||jng  operation 
Sampling  Interval  (Estimated)  variable  (ft) 

Type  Drill  Rig  and  Operator  Tailing  1250 

Jim  Winnek,  Inc. 


°  -2  c  o  -2  c 

o|5 

Z  5  co  ■■■■'  s  to 

(u  .  S.  <8  ■ 

Q  CO  ^  t—  CO  ^ 


Stratigraphy 


CLAY,  red-brovm,  sandy,  with 
mixed  gravel  (fill). 

Same,  no  gravel. 


Remarks 


SHALE,  weathered,  red-gray,  minor 
sand,  changing  to  red-brown  with 
depth. 


SHALE,  sandy,  red-brown,  friable, 
increasing  sand  with  depth. 

SAND,  fine,  friable  red-brown, 
minor  fines. 


SHALE,  red-brown. 


SAND,  fine,  friable,  red-brown, 
minor  fines. 

SHALE,  red-brown,  with  grey 
mottling . 

D-21 


RADIAN 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No.  &E 

Location  Douglas  Blvd.  &  Entry  Road  A 

Log  Recorded  By  W.M.  Little 


:  Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beainnrnq  19  June  1984  and  end 

19  June  1984  0f  drilling  operation 

Sampling  Interval  (Estimated)  _X££i£ble _ (ft) 

Type  Drill  Rig  and  Operator  Falling  1250 _ 

Jim  Winnek,  Inc. 


Depth 

(ft) 


o  ®  c 
o  £2 

Z  <0 
Q  CO  K 


°is 

a|  % 

>*  «  iZ 


Stratigraphy 


SAND,  fine,  tan/pink,  clean. 


SAND,  fine,  red-brown. 


Remarks 


Scant  returns  60-70' 
add  ^80  gals,  water 
to  clean  hole,  lift 
cuttings. 


SAND,  medium,  red-brown,  with  fine 
gravel  and  fines. 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No.  6E 

Location  Douglas  Blvd.  &  Entry  Road  A 

Log  Recorded  By _ 


'  Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  19  June  1984  and  en(j 

_ 19  -June  1984  Qf  drj||jng  operation 

Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  Operator  Falling  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 


o  ©  - 
z  E  * 

z  a  « 
Q  CO  H 


®  c 
Q.  E  m 

H  CO  ^ 


Stratigraphy 


Same  materials,  more  Indurated. 


Same  materials. 


Same  materials.  TD  *  115'. 


Remarks 


Harder  drilling, 
driller  reports 
minor  water. 


Scant  returns,  water 
in  hole  when  change 
rods. 


Water  production 
n.  1  gpm . 


Water  production 
3-5  gpm. 


llAti 


effi 


I 


D-23 


RADIAN 

Sheet  1  of  3 

Log  of  Drilling  Operations 

Roring  nr  Wall  Nn 

-  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Location  DPDO  Yard 

Beairfnina  20  June  1984  and  end 

Loo  Recorded  Bv  W.M.  Little 

20  June  1984  nf  rtrillinn  nneratinn 

Sampling  Interval  fEstimatad\  variable  fftt 

Type  Drill  Rig  and  Operator  Tailing  1250 

Jim  Winnek,  Inc. 

O  J  c  o  -2  C 

J2  c  .*  ®  c 

2  £  to  £  eo 

Qt/)h  t-  W  K 


grab 

from 

cutting 


Stratigraphy 

Remarks 

SHALE,  weathered,  red-brown. 

i 

SHALE,  grey. 

SHALE,  red-brown. 

SAND,  fine,  red-brown,  minor  silt. 

SHALE,  pink,  turning  red-brown 

Hard  drilling,  high 

with  depth,  very  dry. 

dust . 

SAND,  fine,  pink/tan. 

SANDY  SHALE,  red-brown,  some  thin 

hard  streaks. 

D-25 

;  *V*y  -  yly-j . 

RADIAN 


Boring  or  Well  No.  6G 

Location  West  of  Bldg.  ~m  7 _ 

Log  Recorded  By  W.M.  Little 


Sheet 


Log  of  Drilling  Operations 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  and  end 

-  of  drilling  operation 
Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 _ _ 

Jim  Winnek,  Inc. 


o  ®  c 

o  Q.  © 

Q  05  H 


!i« 

I—  05 


grab 

from 

mttings 


Stratigraphy 


SANDY  CLAY,  brown  (heavily  weath¬ 
ered  shale) . 


Remarks 


SHALE,  red-brown. 


SAND,  fine,  red-brown,  minor  silt. 


SILTY  SAND,  red-brown,  partially  Mud  on  bit,  minor 
wetted  from  up-hole  poor  returns,  water,  dry  below, 

continue  drilling. 


D-29 


RADIAN 

CORMIATION 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No.  6G 
Location  West  of  Bldg.  3117 
Log  Recorded  By  W.M.  Little 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  and  end 

of  drilling  operation 
Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


Stratigraphy 

Remarks 

No  change. 

Shale  streak. 

Hard  drilling. 

Shale  streak. 

Hard  drilling. 

Shale  streak. 

Hard  drilling. 

SANDY  CLAY,  red-brown,  damp. 

Shale  streak. 

Hard  drilling. 

SAND,  red-brown,  fine  scant 

returns.  „  „„ 

D-30 

Depth 

(ft) 


-2  o  ®  c  ■g  ®  c 
a-o  2c®  ® 

*2  _  ®  i  >.  ffl  i_. 

O  Q  <0  K  t—  CO  1 


®  cjc 

9-  5  ® 


mmm 


RADIAN 


Sheet  3 


Log  of  Drilling  Operations 


Boring  or  Well  No. 
Location  West  of  Bldg 

Log  Recorded  By _ 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beninnfnn  and  end 

of  drilling  operation 

Sampling  Interval  (Estimated^  variable _ (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 _ 

Jim  Winnek,  Inc. 


Depth 

(ft) 


o  o  c 

o  CL  <D 

°  e  jc 
2  «  « 
O  CO  H 


o  -2  c 

®c  ® 
^  E  to 

I—  CO  ^ 


Stratigraphy 


Remarks 


Shale  streak. 


Hard  drilling.  Begi 
water  production. 


Same  materials.  TD  =  90' 


105- 


H5_ 


RADIAN 

COKPOKATION 


Sheet _ L 


Log  of  Drilling  Operations 


Boring  or  Well  No._7A _ 

Location  Adjacent  (north)  of  SE  59th  St. 

Log  Recorded  By  L.N.  French _ 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  11  July  1984  and  end 

11  July  1984  of  drilling  operation 

Sampling  Interval  (Estimated!  variable  (ft! 

Type  Drill  Rig  and  Operator  Failing  1230 _ 

Jim  Winnek,  Inc. 


o  ©  c 

of® 


r~  v  ®  r  v 

zi§  sis 

Q(flh  H  CO 


2tS 


Stratigraphy 


CLAY-FILL,  dark  brown-red,  organic 
fragments,  silty  sand;  grades  to 
sandstone. 

SHALE,  red-brown,  plastic, 
weathered  appearance. 


SANDSTONE,  fine-grained,  red- 
orange,  friable. 


Remarks 


Soil  probably  repre¬ 
sents  highway  fill. 
Drilling  performed 
with  7-7/8"  diameter 
tricone  bit . 


Cuttings  damp  at  11'; 
minor  water  produced 
to  20'. 


Much  water  blown 
from  hole  at  22'. 


SANDSTONE/ SHALE  (gradational  con¬ 
tact  with  above  sandstone) ,  inter- 
bedded  red-orange  sandstone  and 
shale,  saturated. 


Rig  vibrates  at  35' 


RADIAN 

CMMtffriON 


Sheet _ 2 


Log  of  Drilling  Operations 


Boring  or  Well  No.  7A 

Location  Adjacent  (north)  of  SE  59th  St, 
Log  Recorded  By  L.N.  French _ 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beainnfhq  T1  July  1984  and  end 

11  July  1984  0f  drilling  operation 

Sampling  Interval  (Estimated!  variable _ (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 


o  ©  c 

n  Q.  ® 

5  c  jc 
O  CO  K 


•»-  (jj 

o  ”  c 
_  &  ® 

>:  «  2 

t-  w  K 


Stratigraphy 


SANDSTONE,  fine-medium  grained, 
orange,  friable,  slightly  moist. 


Sandstone  is  dry. 


Remarks 


No  water  produced 
at  42'  after  adding 
drill  rod. 


Harder  and  slower 
drilling  at  47';  in¬ 
creasing  water  pro¬ 
duction  below  49 ' . 


Easy  drilling  below 
55*. 


Hole  caved  slightly 
at  62'. 


ft  L 


D-34 


RADIAN 

COUMtATION 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No  7A 

Location  Adjacent  (north)  of  SE  59th  St. 
Log  Recorded  By  L.N.  French 


Drnia»«*  Tinker  AFB  IRP  Phase  II  Stage  2 

unjjiM 


11  July 


*  and  end 

.of  drilling  operation 


Sampling  Interval  fEstimatedl  variable _ 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 


~  o  ®  c  'S  ®  c 

g-o  2  ®  c  je 

2  -1  z««  £  «  « 

O  Q  CO  H  t- <0  H 


Stratigraphy 


Remarks 


SANDSTONE  with  few  mottled  shale  Few  cuttings  returnee 
fragments,  trace  gravel.  below  84'. 


Water  produced  at 
88';  dry  at  93'. 


Poor  cuttings  return. 


End  of  boring-110'. 


Rig  vibrates  at  108- 
109’. 


*,  ■  V  ■  *  *  •  *  .  *  -  *•  V-  *  .  ‘  .  *  .  •  V-  *>  'jm  *A\> 


D-35 


RADIAN 

CORPORATION 


Boring  or  Well  No.  ?B 
Location  North  of  SE  59th  St. 

Log  Recorded  By  L.N.  French 


Sheet 


Log  of  Drilling  Operations 


Project  Tin^er  AFB  IRP  Phase  II  Stage  2 
Beginning  10  July  19^  and  end 


11  July  IS 


.  of  drilling  operation 


Sampling  Interval  (Estimated!  variable 
Type  Drill  Rig  and  Operator  Tailing  1250 

Jim  Winnek,  Inc. 


3?  « i2 

Q  CO  K 


grab 
from 
ings 


Stratigraphy 


Remarks 


SAND,  red-brown,  some  clay  and  or-  Drilling  performed 
ganic  fragments.  with  7-7/8"  diameter 

tricone  bit. 

SANDSTONE,  fine  to  medium  grained, 
red-brown,  friable,  slightly 
moist,  lenses  and  layers  of  SHALE, 
red-brown,  mottled,  plastic. 


SHALE,  red-brown,  moist,  plastic; 
with  thin  sand  laminae.  Shale  is 
interbedded  with  fine-grained, 
orange  sandstone. 


Driller  notes  damp 

SANDSTONE,  fine  to  medium  grained,  conditions,  few  cut- 
red-brown,  friable.  tings  returned  to 

surface. 

Moist;  interbedded  with  SHALE,  red-  Few  cuttings  return- 
brown,  mottled,  plastic.  ed  to  surface. 


D-37 


RADIAN 

CORPOflATfON 


Boring  or  Well  No.  78 
Location  North  gf  SE  59th  St. 

Log  Recorded  By  L.N.  French 


Sheet , 


Log  of  Drilling  Operations 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beoinnfnq  10  and  end 

11  July  1984  Qf  ^,-jiijng  operation 
Sampling  Interval  (Estimated)  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing_125Q 

Jim  Winnek,  Inc. 


Depth 

(ft) 


°  E  SZ 

*  «£ 
O  CO  K 


°is 

li  * 

H  CO  ^ 


Stratigraphy 


Remarks 


End  of  boring  -  45'. 


Drilling  suspended; 
much  water  blown  fron 
hole. 


Sheet 


.of _ L 


Log  of  Drilling  Operations 


Boring  or  Well  No.  7C 

Location  North  of  SE  59th  St. 

Log  Recorded  By  L.N.  French 


Project  linker  AFB  IRP  Phase  II  Stage  2 
Beginning  10  July  anri  end 

10  July  1984  Qf  cjrjiijpg  operation 

Sampling  Interval  (Estimated!  variable _ (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


ID  No.  of 
Sample 
Taken 

Type  of 
Sample 
Taken 

none 

grab 

from 

cutting! 

Stratigraphy 

Remarks 

SANDSTONE ,  f ine-med ium  grained , 

Drilling  performed 

red-brown,  friable,  uniform  tex- 

with  7-7/8"  diameter 

ture,  dry.  Grades  to  orange-red 

tricone  bit. 

color  below  3'.  Thin  sandy  soil 

(less  than  1*)  at  surface. 

Thin  layers/lenses  of  SHALE,  red. 

plastic;  between  9-11'. 

Indurated  sandstone,  white  at  15'. 

Harder  drilling  at 

SHALE,  red-brown,  plastic,  slightl; 

15’,  18’. 

moist,  few  lenses  or  layers  of 

f ine-med.  grained  sandstone  (in- 

durated  zone  at  18'). 

SANDSTONE,  fine-medium  grained. 

Rig  vibrates  at  34'. 

slightly  indurated,  slightly  moist 

D-39 
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RADIAN 

CORPORATION 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No  7C 
Location  North  of  SE  59th  St. 
Log  Recorded  By  L.N.  French 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beoinnlho  TO  July  1984  and  en(j 

10  July  1984  of  drilling  operation 
Sampling  Interval  fEstimatedl  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 _ 

Jim  Winnek,  Inc. 


Depth 

(ft) 


°2 c  o£a 

o  Q.  ©  Q.  © 

2  c  je  ®  c  je 

*  Sa  £ 

QWh  t-  CO  K 


Stratigraphy 


Increasing  moisture  at  42',  few 
cuttings  returned. 


Remarks 


Decreasing  moisture,  increasing 
silt  content,  few  thin  shale 
layers. 


Sandstone  is  orange,  no  silt, 
friable. 


SHALE,  red-brown,  plastic,  slightlj 
moist;  some  sandstone  lenses  and 
layers  in  shale  matrix. 


SANDSTONE,  fine  to  medium  grained, 
trace  shale  fragments,  red-brown. 


Few  cuttings  returned  to  surface. 


Rig  vibrates  at  77  * 


V  Vs.-  V  *  •  V  V  r>S  v  v  *  *  •  *  * .  *  .  *  -s 


Sheet , 


(MMMtIOK 

Boring  or  Weil  No. 
Location  North  o 
Log  Recorded  By  _ 


Log  of  Drilling  Operations 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beoinnfha  10  July  1984  and  end 

10  July  1984  of  drilling  operation 
Sampling  Interval  (Estimated)  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 _ 

Jim  Winnek,  Inc. 


Depth 

(ft) 


°  -2  c  o  -2  c 

o|5  a|3 

Z  5  to  0-  5  <8 

It  v.  >»  <8  i_ 
O  CO  ^  H  CO  H 


Stratigraphy 


Remarks 


Sandstone  mixed  with  shale  frag¬ 
ments. 


Rig  vibrates  at  88’. 

Water  blown  from  hole 
after  pause  in  dril¬ 
ling;  drilling  to 
102'  yielded  very 
few  cuttings. 


End  of  boring  -  102'. 


I.'-  . 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No.  ?D 

Location  West  edge  of  Landfill  6 

Log  Recorded  By  w.M.  Little 


Project  T^n^er  AFB  iRP  phase  II  Stage  2 
Beginning  28  June  1984  and  en(j 

28  June  1984  0f  drilling  operation 

Sampling  Interval  (Estimated!  variable _ (ft) 

Type  Drill  Rig  and  Operator  Tailing  1250 

Jim  Winnek,  Inc. 


o  ®  c 

II® 

*  m  £ 
Q  CO  H 


©  c  ^ 

all 

H  CO  ^ 


grab 
from 
:ings 


Stratigraphy 


Clay-loam  soil,  brown. 


Sandy  clay,  red-brown. 


Remarks 


Shale,  red-brown,  weathered. 


Shale,  red-brown,  slight  to  no 
weathering. 


Sand,  red-brown,  fine,  some  silt. 


Sand,  red/tan,  fine,  becoming  red- 
brown  by  24 ? . 


No  change.  D-42 


RADIAN 

CMPOKATtON 


Sheet . 


Log  of  Drilling  Operations 


Boring  or  Well  No.  ?D 

Location  West  edge  of  Landfill  6 

Log  Recorded  By  W.M.  Little 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beoimfria  28  Junfnj;98^  *nd  end 

_  28  June  1984  of  drilling  operation 

Sampling  Interval  {Estimated!  variable _ (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


Depth 

(ft) 

Graphic 

Log 

ID  No.  of 
Sample 
Taken 

Type  of 
Sample 
Taken 

Stratigraphy 

Remarks 

40  - 

s-s&s&s 

No  change. 

45 _ 

Shale  streak. 

Hard  drilling,  4". 

50  _  _ 

•  ••• 

•>.  '■  i  V’>.  V.V/ 

; :  •  •  vv.  v.v 

mmm 

f/ V.A.V .*;  • 

Same  materials,  slight  moisture. 

55  -- 

■’■vX'; -V;  i  i  :-v- 

v^v.v>;:-^v's 

t 

Shale  streak. 

Sandy  clay,  red-brown,  moist. 

Hard  drilling,  2". 

60  -- 

H§ 

— 

65  __ 

1 

No  change. 

Little  water  produc¬ 
tion. 

70  -- 

75 _ 

1 

Same  materials.  TD  -  75'. 

D-44 

an  J 

.  „  V’  .’'  •. 

RADIAN 


Sheet  1 


Log  of  Drilling  Operations 


Boring  or  Well  No.  /L 

Location  North  edge  of  Landfill  6 

Log  Recorded  By  W.M.  Little 


Depth 

(ft) 


*  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Beginning  21  June  1984  and  end 

.  _ _  of  drilling  operation 

Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 

Jim  Winnek,  Inc. 


-  °  ®  c  o  ®  c 

Q.  o  o  9- ®  ®  ® 

2°  Z  I  «  S  I  « 


Stratigraphy 


Remarks 


f  • '•*%*/; iV.’-.'  •  ij;.'  •! 


C*:>V:V;Vvy.%v;.v*. 

J  JmV.j'.W.Vi**  ,*/■ 

•  *.*♦*•  •//"*"* 
.v.v.v 


’ •*•".**  i 

*•*•**•  •  W*  • ' 
*.*.*  j  ■  ‘  1 1 1  '.y  ,■ 


none  grab  Clay,  red-brown,  plastic, 
from 

cutting:  : 


Clay,  grey,  sandy. 

SS  Clay,  red,  mottled  w/grey,  firm,  s£ndy.  Spoon  refusal 
grab  Shale,  weathered,  red-brown.  at  6'. 

from  Sand,  fine,  red-brown,  damp. 

:utting:  i 


Sand,  red-brown,  fine,  many  fines. 


Negative  Draeger 
hydrocarbon,  poly¬ 
test  .  • 


Sand,  red-brown,  sandstone  gran¬ 
ules,  damp. 


Harder  drilling. 


D-45 


RADIAN 


Sheet 


.of. 


Log  of  Drilling  Operations 


RADIAN 


Sheet 


Log  of  Drilling  Operations 


Boring  or  Well  No.  7G 

Locat i 0 n  East  edge  of  Landfill  6 

Log  Recorded  By  W.M.  Little 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Beginning  21  June  1984  and  en(j 

21  June  1984  of  drilling  operation 
Sampling  Interval  (Estimated!  variable  (ft) 

Type  Drill  Rig  and  Operator  Failing  1250 _ 

Jim  Winnek,  Inc. 


I  °  ®  c  O  ®  c 

2°  5:1® 

O  Q  CO  ^  i-  co 


Stratigraphy 


Remarks 


none  grab  Clay-loam  soil,  dark  brown,  damp, 
from 
;uttings 


Negative  Draeger 
hydrocarbon. 


Sand,  red-brown,  fine,  silty, 
damp . 

Sand,  red-brown,  fine,  damp. 


Clay,  brown,  moist. 


Gravel,  fine,  silty  and  sandy. 


Heavy  water  produc¬ 
tion. 


Same  materials. 
TD  =  30’. 


7  03-13718 


Typical  Grading  Effective  Size  (mm)  Uniformity 

Screen  Average  Range  Average  Range  Coefficient 


6 

0% 

0 

8 

3.7% 

2. 1-5.1 

10 

22.9% 

18.0-25.6 

12 

51.4% 

45.6-62.3 

14 

72.8% 

66.5-79.0 

16 

94.6% 

89.9-99.4 

20 

98.4% 

96.0-99.9 

25 

98.6% 

96.5-99.9 

I 


RADIAN 

COflPOflATION 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No._J£ _  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

i  nation  East  Drive,  north  of  Bradley  Drive  Log  Recorded  »y  W-M.  Little _ 


Construction  started  _ 

26  June  1984 

__  completed _ 

26  June  1984 

Development  started  _ 

26  June  1984 

_ completed _ 

26  June  1984 

Total  depth  drilled  (ft) 

82  feet. 

Hole  diameter 

8  inch 

■  1  Vt  w  WIVIHW4VI 

Drillina  method 

air  rotary 

Problems  encountered  durina  drillina  None 

Water  source  for  drilling  awd  completion  procedures  _^££e_su££T 


Number  and  type  of  samples  collected _ Grab  samples  from  discharge _ 


Sample  interval  (ft-ft)  variable _ 

Storage  moth nH(s)  plastic  bags,  ambient  temperature _ 

Casing  typo  Schedule  40  pvc,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  72  feet _ 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diameter  4  inches 

Slot  siyo  0-020  inches  _ Screen  interval  (ft-ft)  72~^‘ 

Type(s)  of  glue  used  to  join  rasing  none _ 


72-82  feet 


Type  of  gravel  pack  nsod  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  page _ _ 

Qrain  size  distribution  of  gravel  park  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ _ 

Source  (company  and  quarry/pit)  Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 

Interval  of  gravel  pack  (ft-ft)  62-82  feet _ _ _ _ _ __ 

Interval  of  bentonite  seal  (ft-ft)  60-62  feet _ _ _ 

Interval  of  grouting  (ft-ft)  _ 0-60  feet _ _ _ 

Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nn  Master  3213 


_ Location  Of  kayfs)  TAFB/SGB,  DEEP;  Radian _ 

D-55  - 


RADIAN 

CORPORATION 


Well  Completion  Log:  Sheet  212 


Boring  or  Well  No _ §A _  Pmj»r»t  Tinker  APB  IRP  Phase  II  Stage 

location  East  Drive,  north  of  Bradley  Drive  Log  Recorded  By  W-M-  Little _ 


Construction  Schematic  II 


Static  level  Of  water  heforn  approx.  67  feet _ 

after  65  feet _ (ft)  development _ 

Development  started  1700  hrs,  26  June  1984 
Development »nd<»d  1755  hrs,  26  June  1984 _ 

Quantity  of  water  discharged  during  development  30  ga 
Type,  size/capacity  of  pump  or  bailer  used  for  development 
drilling  rig)  with  variable  discharge 


.(ft)  and 


allons 


Depth  of  open  hole  inside  well _ 

Before  development  82  feet 
After  development _ 82  feet 


Development  Record 


Grout 


Bentonite 


Static 
water  level 


Gravel  pack 


Clarity  and 
Color  of 
Discharge 


Red, 

heavy  sil 


Odor 

of 

Discharge 


Begin  surging  1-mint 
silt  with  each  new 


Lithology  ana 
Grain  Size  of 
Removed 
Sediment 


Resume  co 
clearing 
Cease  dev 


:inuous  di 
greater  f 
Loping. 


Conduc¬ 

tivity 


owj.y 
clearing 
apprx.  1/2 
gpm. 


D-56 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.  6B _ 

Location  East  Dr..  South  of  Bradley  Drive 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  w.M.  Little _ 


Construction  started . 
Development  started. 


27  June  1984 


completed. 

completed. 


27  June  1984 


Total  depth  drilled  (ft)  90  feet _ , _ 

Hole  diameter  8  lnch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  None _ 


Water  source  for  drilling  and  completion  procedures  base  supply 


Number  and  type  of  samples  collected. 


Grab  samples  from  discharge 


Sample  interval  (ft-ft) 
Storage  method(s) _ 


variable 

plastic  bags,  ambient  temperature 


Casing  typ»  Schedule  40  pvc,  flush  joint  Oiameter  4  lnches 

Depth  of  casing  (ft)  80  feet _ 

Screen  typa  Schedule  40,  FVC,  mill  slot  Diameter  4  inches _ 

Slot  si7B  0.020  inches _ _ _ Screen  interval  (ft-ft)  80-90  feet 

Type(s)  of  glue  used  to  join  casing . H.2BH _ 


Type  of  gravel  pack  used  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  paye _ 

Grain  size  distribution  of  gravel  pack  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ 

Source  (company  and  quarryJpit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 

Interval  of  gravel  pack  (ft-ft)  75-90  feet _ _ 

Interval  of  bentonite  seal  (ft-ft)  70-75  feet _ 

Interval  of  grouting  (ft-ft)  _ 0-70  feet _ 


Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


Location  Of  kay(s)  TAFB/SGB,  DEEP;  Radiafl 


Well  Completion  Log:  Sheet  2/2 


Boring  or  Well  No.  6B _ 

I  oration  East  Drive  south  of  Bradley  Drive 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W-M-  Little _ 


Construction  Schematic 


Grout 


Gravel 

pack 


Static  level  of  water  before  64  feet _ 

after  64  feet _ (ft)  development _ 

Development  started  1315  hrs.  27  July  1984 _ 

Development  »"ded  1415  hrs.  27  .Tnlv  1984 _ 

Quantity  of  water  discharged  during  development  20  gallons 
Type,  size/capacity  of  pump  or  bailer  used  for  development _ 


.(ft)  development . 


Depth  of  open  hole  inside  well _ 

Before  development  90  feet 

After  development _ 90  feet 


.(ft)  and 


Static 
water  level 


Bentonite 


Clarity  and 
Color  of 
discharge 


Red, 

heavy  silt 


Red,  mod-  None 

erate 

turbidity 


Development  Record 


Odor 

of 

discharge 


Conduc¬ 

tivity 


Silt, 
minor 
fine  sand 


Silt,  chg 


Very  low 
flow,  begin 
surging, 
slowly 
clearing. 


D-58 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.  6C _ 

i  ocation  East  Drive  at  Entry  Road  A 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W.M.  Little _ 


Construction  started . 
Development  started . 


27  June  1984 

28  June  1984 


completed. 

completed. 


28  June  1984 
28  June  1984 


Total  depth  drilled  (ft)  90  feet 

Hole  diameter  8  inch _ 

Drilling  method _ air  rotary 

Problems  encountered  during  drilling. 


Water  source  for  drilling  and  completion  procedures  base  suppl 


Number  and  type  of  samples  collected.  Grat>  samples  from  discharge 


Sample  interval  (ft-ft) 
Storage  method(s) _ 


variable _ 

plastic  bags,  ambient  temperature 


Casing  »yp«  Schedule  40  PVC,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  80  feet _ 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diameter  4  inches 

Bint  si7o  0-020  inches _ Screen  interval  (ft-ft)  80-9 

Type(s)  of  glue  used  to  join  casing  none _ 


80-90  feet 


Type  of  gravel  pack  nsnri  8-12  sand 
Amount  of  gravel  pack  used  see  next  page 

Grain  size  distribution  of  gravel  pack  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ 

Source  (company  and  gnarry/pit^Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 


Interval  of  gravel  pack  (ft-ft)  _ 

Interval  of  bentonite  seal  (ft-ft) 
Interval  of  grouting  (ft-ft)  _ 


61-90  feet 
57-61  feet 
0-57  feet 


Description  Of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nn  Master  3213 


,  Location  Of  fcay(a)  TAFB/SGB,  DEEP;  Radian 


Well  Completion  Log:  Sheet  212 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W'M*  Llttle _ 


Static  level  of  water  before _ approx.  67  feet _ 

after  67.5  feet _ (ft)  development _ 

Development  started  1050  hrs,  28  June  1984  . 

Development  ended  1300  hrs,  28  June  1984 _ 

Quantity  of  water  discharged  during  development  20  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

Air  lift  (drilling  rig)  with  variable  discharge 


.(ft)  and 


Depth  of  open  hole  inside  well _ 

Before  development  90  feet 

After  development _ 90  feet 


Development  Record 


Clarity  and 
Color  of 
Olscnarge 


Red ,  None 

heavy  silt 

Red,  mod-  None 
erate  silt 


Odor 

of 

discharge 


Conduc¬ 

tivity 


Very  low 
flow 

Slowly  ele¬ 
vating 


Shut  down  to  allow  recovery. 

Blow  apprcx.  10  gallons  from  hjle,  si.owly  < Tearing. 


COBOOKATION 


Wei!  Completion  Log:  Sheet  1/2 


Boring  or  Well  No._^£ _  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

l  oration  Douglas  Blvd,  north  of  Bradley  Dr.  I  ng  Rornrdori  Ry  W.M.  Little _ 


Construction  started . 
Development  started. 


19  June  1984 

20  June  1984 


completed. 

completed. 


20  June  1984 
20  June  1984 


Total  depth  drilled  (ft)  57  feet _ _ _ 

Hole  diameter  8  inch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  none _ 


Water  source  for  drilling  and  completion  procedures  base  supply 


Number  and  type  of  samples  rniiortPri  Grab  samples  from  discharge _ 


Sample  interval  (ft-ft)  variable _ 

Storage methnri(s)  plastic  bags,  ambient  temperature _ _ _ 

Casing  typo  Schedule  80  PVC,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  47  f  eet _ _ 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diameter  4  inches _ 

Slot  size  0.020  inches _ Screen  interval  (ft-ft)  _ 47-57  feet _ 

Type(s)  of  glue  used  to  join  rasing  none _ __ 

Type  of  gravel  pack  used  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  page _ _ — _ __ 

Grain  size  distribution  of  gravel  park  see  specification  sheet _ _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ _ 

Source  (company  and  guarry/pit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR _ _ 

Interval  of  gravel  pack  (ft-ft)  41-57  feet _ _ 

Interval  of  bentonite  seal  (ft-ft)  39-41  feet _ _ _ 

Interval  of  grouting  (ft-ft)  _ 0-39  feet _ 

Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nr  Master  3213 


.  Location  of  kay(a)  TAFB/SGB,  DEEP;  Radian 


*,  •*.  • '»  ^ .  •*.  •**.  t’.  •*.  •*.  ** ,  «**.  •*.  / .  »  •  •’«  *" .  "*  ■  *’•  **•  *’•  '  *  •  ***’. 


Well  Completion  Log:  Sheet  2/2 


Boring  or  Well  No  6D  Project  Tinker  AFB  IRP  Phase  II  Stage  2 

I  oration  Douglas  Blvd.  north  of  Bradley  Drive  |_qq  Recorded  By  Little _ 


Construction  Schematic 


Grout 


Static 
water  level 


Bentonite 


Gravel  pack 


Static  level  of  water  before _ 30  feet _ 

after  30  feet _ (ft)  development _ 

Development  Started  0855  hrs,  20  June  1984 _ 

Development  ended  nqvs  hrs.  20  June  1984 _ 

Quantity  of  water  discharged  during  development  35  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development  57  feet _ 

After  development  feet _ 


(ft)  and 


Development  Record 


Ctarity  and 
Color  of 
Discharge 


Odor 

of 

Discharge 


Lithology  ana 
Grain  Size  of 
Removed 
Sediment 


Silt, 

minor  fine 
sand 


Slowly  clearing,  begin  surgin 
minute  cycles 

Red,  mod-  None 
erate 
silt 


0—62 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.  6E _ 

i  pcation  Douglas  Blvd.  at  Entry  Road  A 


Project  T:i-n^er  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  Ry  Little _ 


Padlock  ID  No  Master  3213 


,  Location  of  l<ny(q)  TAFB/SGB,  DEEP;  Radian 


Well  Completion  Log:  Sheet  2/2 


Boring  or  Well  No  6E 


location  Douglas  Blvd  and  Entry  Road  A. 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
W.M.  Little 


Log  Recorded  By . 


Construction  Schematic 


(ft) 


t-  4» 

hpvc 

easing 


70-4- 


ioot 


1104- 


Static  level  of  water  before, 
after  60  feet _ 


60  feet 


.(ft)  and 


.(ft)  development. 


4"  — 
PVC 
(Screen 


Protective 

casing 


Development  started  .  1455  hrs,  19  June  1984 
Development  ended _ 1615  hrs,  20  June  1984 


Quantity  of  water  discharged  during  development  50  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

Air  lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development  115  feet 

After  development _ 115  feet 


.(«) 

.(ft) 


Static 
water  level 


Development  Record 


Time 


Grout 


19  June 
1455 


1530 


|20  June 
1535 


1615 


"Bentonite 


Gravel  pack 


Clarity  and 
Color  of 
Discharge 


Red, 
heavy  sili 


Over  pressure  disturbs  sandpack,  cease  developing 


Red , 
heavy  siH 


Moderate 

silt 


Odor 

of 

Discharge 


None 


None 


None 


Lithology  and 

Grain  Size  of 
Removed 
Sediment 


Silt 


Silt 


Silt 


Ph 


Conduc¬ 

tivity 


Remarks 


Low  produc¬ 
tion 


Slowly  clean¬ 
ing  ■vl/2  gpnl 
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Hit  It 


Well  Completion  Log:  Sheet  1/2 


RADIAN 

COIPOS  ATI  ON 


Boring  or  Well  No.  6F 

I  ncatinn  QpD0  Yard 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  Ry  w,Mj  Little _ 


Construction  started . 
Development  started . 


20  June  1984 

21  June  1984 


completed. 

completed. 


21  June  1984 
21  June  1984 


Total  depth  drilled  (ft)  102  feet _ _ _ 

Hole  diameter  8  lnch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  Sand  collapse  at  approx  100  feet  traps  bit,  some 
difficulty  withdrawing. 


Water  source  for  drilling  and  completion  procedures  base  supply _ _ _ 


Number  and  type  of  samples  rnitactort  Grab  samples  from  discharge _ 


Sample  interval  (ft-ft)  variable _ _ 

Storage  mothers)  plastic  bags,  ambient  temperature _ 

Casing  »yp«  Schedule  80  PVC,  flush  joint  Diameter  4  inches _ 

Depth  of  casing  (ft)  92  feet _ __ 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diameter  4  inches _ 

Sint  -<u7a  0.020  inches _ Screen  inter/ *1  (ft-ft)  92-102  feet _ _ 

Type(s)  of  glue  used  to  join  casing  none _ _ 

Type  of  gravel  pack  used  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  page _ _ _ 

Grain  size  distribution  of  gravel  park  see  specification  sheet _ _ _ _ _ _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ _ 

Source  (company  and  gnarry/pit^Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR _ _ _ _ 

Interval  of  gravel  pack  (ft-ft)  89-102  feet _ _ 

Interval  of  bentonite  seal  (ft-ft)  86-89  feet _ _ 

Interval  of  grouting  (ft-ft)  _ 0-86  feet _ _ _ _ _ _ 

Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nn  Master  3213 


,  Location  of  koy(s)  TAFB/SGB,  DEEP;  Radian 


RADIAN 

CORPOIIIITION 

Well  Completion  Log:  Sheet  2/2 

Boring  or  Well  No.  6F 

Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Location  DPDO  Yard 

1  ng  Recorded  Ry  W‘M>  Little 

Construction  Schematic 

1 - = 

Protective 

casing 


Grout 


Static 
water  level 


Bentonite 


Gravel  pack 


Static  level  of  water  before  82  feet _ 

after _ 82  f -_.t: _ (ft)  development _ 

Development  started  0900  hrs,  21  June  1984 _ 

Development  ended  0940  hrs,  21  June  1984 _ 

Quantity  of  water  discharged  during  development  20  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

Air  lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development  102  feet _ 

After  development  102  feet _ 


.(ft)  and 


Clarity  and 
Color  of 
Oiscftarge 


Development  Record 


Odor  Lithology  ana 

0f  Grain  Size  of  Conduc- 

Sediment 


None  Silt, 

minor  fine 
silt  sand 

Begin  surging  in  1  ninute  cycles 


Moderate  None 
silt 


h/1/4  gpm 


Slowly 

clearing 


D-66 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.  _ 

I  nratinn  West  of  Building  3117 


project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W'M‘.  Little _ 


Construction  started . 
Development  started . 


29  June  1984 

30  June  1984 


completed. 

completed. 


29  June  1984 

30  June  1984 


90  feet 


Total  depth  drilled  (ft)  _ _ _ 

Hole  diameter  8  lnch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  Minor  cascading  water  from  approx.  25  feet  inhibits 
_  cuttings.  _ 


Water  source  for  drilling  and  completion  procedures  base  supply _ 


Number  and  type  of  samples  rniiartpri  Grab  samples  from  discharge 


Sample  interval  (ft-ft)  variable _ 

Storage  mathnri(B)  plastic  bags,  ambient  temperature _ 

Casing  typa  Schedule  80  PVC,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  80  feet _ 

Screen  typa  Schedule  40,  PVC,  mill  slot _ Diamete'  4  inches 

Slot  si7B  0.020  inches _ Screen  interval  (ft-ft)  80-90 

Type(s)  of  glue  used  to  join  casing  none _ 


80-90  feet 


Type  of  gravel  pack  iisbH  8-12  sand 

Amount  of  gravel  pack  used  see  next  page _ _ _ _ _ 

Grain  size  distribution  of  gravel  pack  see  specification  sheet _ _ _ _ _ _ 

Lithology  Of  gravel  pack  Quartz,  trace  rock  fragments _ 

Source  (company  and  quarry;pit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 

Interval  of  gravel  pack  (ft-ft)  76-90  feet  _ _ _ _ 

Interval  of  bentonite  seal  (ft-ft)  73-76  feet _ _ _ 

Interval  of  grouting  (ft-ft)  0-73  feet  _ _ _ ___ 

Description  of  security  maasnras  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


.  Location  of  kay(a)  TAFB/SGB,  DEEP;  Radian 
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COMMMAT 


Well  Completion  Log:  Sheet  212 


Boring  or  Well  No.  . _ 

I  oration  West  of  Building  3117 


Construction  Schematic  II 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Log  Recorded  By  French _ 


Protec 

casi 


Grout 


Bentonite 

Static 
water  level 

Gravel  pack 


Static  level  of  water  before _ 63  fget _ 

after  81  feet _ (ft)  development _ 

Development  started  0730  hrs>  30  June  198^ _ 

Development  ""Had  0810  hrs,  30  June  1984 _ 

Quantity  of  water  discharged  during  development  33  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development  90  feet _ 

After  development  90  feet _ 


.(ft)  and 


Development  Record 


Clarity  and  Odor 

Color  of  of 

Discharge  Discharge 


None  Silt, 

fine  sand 

ig  to  remove  materia 

it. 

Lng,  low  f  .ow,  slowl; 

lone  Silt, 

minor 
fine  sand 

cease  deviloping. 


Conduc¬ 

tivity 


—  IVery  low 
flow. 

t,  resume 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No  7A _  Project  Tinker  APB  IBP  Phase  II  Stage  2 

l  nratinn  30  ft.  north  of  SE  59th  St.. _  Log  Recorded  Ry  L-N*  French _ 

75  ft.  east  of  unnamed  tributary  of 
Soldier  Creek 

Construction  started _ 11  July  1984 _ completed _ 12  July  1984 _ 

Development  started _ 12  July  1984 _ completed _ 12  July  1984 _ 


Total  depth  drilled  (ft)  f"  teec _ 

Hole  diameter  8  inch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  _  None 


Water  source  for  drilling  and  completion  procedures  base  supply 


Number  and  type  of  samples  collected  Gra^  samPles  from  discharge 


Sample  interval  (ft-ft)  variable _ 

storage methnH(s)  plastic  bags,  ambient  temperature _ 

Casing  type  Schedule  40  PVC,  flush  joint  Diameter  4  inches _ 

Depth  of  casing  (ft)  97  feet _ 

Screen  typo  Schedule  40,  PVC,  mill  slot _ Diamete'  4  inches _ 

Slntsi7ft  0-020  inches _ Screen  interval  (ft-ft)  97-107  feet 

Type(s)  of  glue  used  to  join  rasing  none _ 

Type  of  gravel  pack  used  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  page _ 

Grain  size  distribution  of  gravel  park  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ 

Source  (company  and  qnarry/pit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR _ 


Interval  of  gravel  pack  (ft-ft)  78-107  feet _ _ 

Interval  of  bentonite  seal  (ft-ft)  77-78  feet _ 

Interval  of  grouting  (ft-ft)  _ 0-77  feet _ 

Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


_ Location  of  key(c)  TAFB/SGB,  DEEP;  Radian 

D-69 _ 


Sit  3579 


Well  Completion  Log:  Sheet  2/2 


7A 


Boring  or  Well  No.. 

Incatinn  See  Sheet  1 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  L-N.  French _ 


Construction  Schematic 


(ft) 


104- 


4" 

t.  PVC 
casing  | 


60-b 


704- 


804- 


Static  level  of  water  before, 
after _ 


75.25'  below  land  surface 


.(ft)  and 


.(ft)  development. 


|100  4—  4" 
-PVC 
.screen 


Protective 

casing 


Development  started. 
Development  ended. 


12  July  1984 


12  July  1984 


Quantity  of  water  discharged  during  development  200  gallons 


Type,  size/capacity  of  pump  or  bailer  used  for  development. 

Air  lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well. 

Before  development _ 

After  development _ 


.(ft) 

.(ft) 


Development  Record 


Grout 


Time 


7:30a 


Static 
water  level 

Bentonite 


Gravel  pack 


8:15a 


9:30a 


Collapse 


Clarity  and 
Color  of 
Discharge 


Turbid, 

red- 

brown 


Turbid, 

red-brown 


None 


None 


Cloudy,  [None 
light  red 


Odor 

of 

Discharge 


Lithology  and 

Grain  Size  of 
Removed 
Sediment 


Silt, 
trace 
very  fine 
sand 


Little 
silt,  no 
sand 

Trace 

silt 


Ph 


Conduc¬ 

tivity 


Start 

development ; 
sustained 
rate  of  1 

gpm 


Stop  develop| 
ment 


Remarks 


D-70 


COmaATMN 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.. 


7B 


i  ocation  ^00  north  of  SE  59th  St., 


Project  Tin^er  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  ByL.N.  French _ 


200  ft.  west  of  unnamed  tributary 
of  Soldier  Creek 


m 

i 


•V 

*  -A"' 
•W 


Construction  started . 
Development  started. 


11  July  1984 


11  July  1984 


completed. 

completed. 


11  July  1984 


11  July  1984 


Total  depth  drilled  (ft) 

Hole  diameter  _ 

Drilling  method _ 


45  feet 


8  inch 


air  rotary 


Problems  encountered  during  drilling. 


none 


Water  source  for  drilling  and  completion  procedures . 


no  water  used 


Number  and  type  of  samples  ontipntpri  Grab  samples  from  discharge 


Sample  interval  (ft-ft) 
Storage  method(s) _ 


variable 


plastic  bags,  ambient  temperature 


Casing  tyPP  Schedule  40  pvc,  flush  joint  Diameter 
Depth  of  casing  (ft)  35  f  eet 


4  inches 


Screen  *ypp  Schedule  40,  PVC,  mill  slot  Diamete'  4  inches 


Slot  <si7P  0-020  inches 


Screen  interval  (ft-ft)  35-45  feet 


Type(s)  of  glue  used  to  join  casing. 


none 


Type  of  gravel  pack  used  3-12  sand 


Amount  of  gravel  pack  used  see  next  paye 


Grain  size  distribution  of  gravel  park  see  specification  sheet 
Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ 


Source  (company  and  quarry/pit)  Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 


Interval  of  gravel  pack  (ft-ft) 


30-45  feet 


Interval  of  bentonite  seal  (ft-ft) 
Interval  of  grouting  (ft-ft)  _ 


29-30  feet 


0-29  feet 


Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


,  Location  of  kpy(«)  TAFB/SGB,  DEEP;  Radian 
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RADIAN 

CORMMJITIOai 

Well  Completion  Log:  Sheet  2/2 

Boring  nr  Well  No.  ?B 

Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Location  see  sheet  1 

1  og  Record  Art  Ry  L.N.  French 

Construction  Schematic 

31  - . . . 

Protective 

casing 


Grout 


bentonite 


i 


Static 
water  level 

Gravel  pack 


Static  level  of  water  heforn  37.5'  below  land  surface _ (ft)  and 

after  39.8  feet  bis _ (ft)  development  _________________ 

Development  started _ 11  July  1984 _ 

Development  ended _ —  July  ?- _ 

Quantity  of  water  discharged  during  development .  20  gallons  (egt . ) 

Type,  size/capacity  of  pump  or  bailer  used  for  development - 

Air lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development _ (ft) 

After  development _ (ft) 


Clarity  and 
Color  of 
Discharge 


Development  Record 


G 


Odor 

of 

Discharge 


Conduc¬ 

tivity 


9:00a 


Turbid,  None 
red-brown 


9:20a  Cloudy,  None 
red-brown 


10:30a  Cloudy  None 


Remarks 


Start  devel¬ 
opment  (0.5 
gpm  continu¬ 
ous) 

Sharp  de¬ 
crease  in 
pumping 
rate;  pause 
in  pumping 
to  allow  foi 
water-level 
recovery 

Continued  d< 
crease  in 
discharge; 
stop  develop 
ment . 
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Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.__I£ _ 

l  oration  375'  north  of  SE  59th  St., 
75'  west  of  unnamed  tributary  of 
Solider  Creek 


Construction  started . 
Development  started . 


10  July  1984 
10  July  1984 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  L,N*  French _ 


completed. 

completed. 


10  July  1984 
10  July  1984 


Total  depth  drilled  (ft)  102  feet _ _ 

Hole  diameter  —  8  inch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  None _ 


Water  source  for  drilling  and  completion  procedures . 


no  water  used 


Number  and  type  of  samples  collected. 


Grab  samples  from  discharge 


Sample  interval  (ft-ft) 
Storage  method(s) _ 


variable _ 

plastic  bags,  ambient  temperature 


Casing  typo  Schedule  40  PVC,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  88  feet  (below  land  surface) _ 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diamete"  4  inches 

Sint  0.020  inches _ Screen  interval  (ft-ft)  88-98  feet. 

Type(s)  of  glue  used  to  join  casing  none _ 

Type  of  gravel  pack  used  8-12  sand _ 

Amount  of  gravel  pack  used  see  next  page _ 

Grain  size  distribution  of  gravel  park  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ 

Source  (company  and  quarry/pit)Agkhola  Sand  &  Gravel,  Ft.  Smith,  AR 

Interval  of  gravel  pack  (ft-ft)  74.5-98  feet _ 

Interval  of  bentonite  seal  (ft-ft)  73-74.5  feet _ 

Interval  of  grouting  (ft-ft)  _ 0-73  feet _ _ 


Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nn  Master  3213 


Location  of  kay(s)  TAFB/SGB,  DEEP;  Radian 


RADIAN 

CORMIATMN 

Well  Completion  Log:  Sheet  212 

Boring  nr  Wall  No  7C 

Projaet  Tinker  AFB  IRP  Phase  II  Stage  2 

Location  see  sheet  1 

Loa  Recorded  Bv  L*N’  French 

Construction  Schematic 

i 


Grout 


Static 
water  level 

Sentonite 


Gravel  pack 


Static  level  of  water  baforeapprox.  73  below  la 

after  68 . 9 _ (ft)  development 

Development  started  10  July  198^ _ 

Development  ended— _ 10  July  1984 _ 


73*  below  land  surface  (ft)  and 


Development  started  ^  _ 

Development  ended  „  10  July  1984 _ 

Quantity  of  water  discharged  during  development  est»  90  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development _ 

After  development _ 


Development  Record 


Time 

Clarity  and 
Color  of 
Discharge 

Odor 

of 

Discharge 

l:00p 

Turbid, 

red-brown 

None 

2:15p 

Turbid- 

cloudy, 

light- 

brown-red 

None 

3:00p 

Slightly 
cloudy, 
light  red 

None 

Conduc¬ 

tivity 


Silt, 
trace 
fine  sand 


Start  devel¬ 
opment 


Trace 
silt,  no 
sand 


Stop  devel¬ 
opment 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Weil  No._ZD _ 

l  nratinn  West  edge  of  Landfill  6 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W.M.  Little _ 


Construction  started . 
Development  started. 


28  June  1984 


completed. 

completed. 


29  June  1984 


Total  depth  drilled  (ft)  11  feet _ _ _ 

Hole  diameter  8  lnch _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling  none _ 


Water  source  for  drilling  and  completion  procedures  base  suppl 


Number  and  type  of  samples  rnilactoH  Grab  samples  from  discharge _ 


Sample  interval  (ft-ft)  variable _ 

Storage  mathnri(s)  plastic  bags,  ambient  temperature _ 

Casing  typo  Schedule  40  PVC,  flush  joint  Diameter  4  inches 

Depth  of  casing  (ft)  _ 55  fee  t - 

Screen  typo  Schedule  40,  PVC,  mill  slot  Diamete'  4  inches 


Slot  siyo  0-020  inches 
Type(s)  of  glue  used  to  join  rasing  none 


.  Screen  interval  (ft-ft) 


65-75  feet 


Type  of  gravel  pack  usod  8-12  sand _ _ 

Amount  of  gravel  pack  used  see  next  page _ _ _ _ 

Grain  size  distribution  of  gravel  parw  see  specification  sheet _ _ _ _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ _ 

Source  (company  and  gnarry/pit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 

Interval  of  gravel  pack  (ft-ft)  64-75  feet _ _ _ _ __ 

Interval  of  bentonite  seal  (ft-ft)  60-64  feet  _ _ 

Interval  of  grouting  (ft-ft)  _ 0-60  feet  _ _ _ _ 

Description  of  security  measnrag  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


. _ Location  Of  key(s)  TAFB/SGB,  DEEP;  Radian 


RADIAN 


Well  Completion  Log:  Sheet  212 


Boring  or  Well  No.__Z2 _ 

l  nratinn  West  of  Landfill  6 


Construction  Schematic  ] 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 

Log  Recorded  By  W,M’  Little _ 


Protective 

casing 


Grout 


Static 

—  water  level 

Bentonite 

Gravel  pack 


Static  level  of  water  before _ 57  feet _ 

aftar  57  feet _ (ft)  development _ 

Development  started  0935  hrs,  29  June-1584 _ 

Development  ended 1Q35  hrs,  29  June  1984 _ 

Quantity  of  water  discharged  during  development  35  gal] 

Type,  size/capacity  of  pump  or  bailer  used  for  development - 

Air  lift  (drilling  rig)  with  variable  discharge 


Depth  of  open  hole  inside  well _ 

Before  development  75  feet _ 

After  development _ 75  feet _ 


.(ft)  and 


Clarity  and 
Color  of 
Discharge 


Development  Record 


Odor 

of 

Discharge 


Conduc¬ 

tivity 


Remarks 


roduction 
apprx .  1  gpm 


Production 
slows  to 
<1/2  gpm 


ring,  beg Ln  surging 
It;  cease  developme 
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Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No._ZI _ 

i  <->/-atinn  North  edge  of  Landfill  6 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W.M.  Little _ 


Construction  started . 
Development  started . 


22  June  1984 
22  June  1984 


completed. 

completed. 


Total  depth  drilled  (ft)  25  feet _ _ _ 

Hole  diameter  8  incb _ 

Drilling  method _ air  rotary _ 

Problems  encountered  during  drilling _ 


Water  source  for  drilling  and  completion  procedures  base  supply 


22  June  1984 
22  June  1984 


Number  and  type  of  samples  rniierted  Grab  samples  from  discharge _ 


Sample  interval  (ft-ft)  variable _ _ 

Storage  methnri(s)  plastic  bags,  ambient  temperature _ __ 

Casing  type  Schedule  pvc,  flush  joint  Diameter  2  inches _ 

Depth  of  casing  (ft)  _ _ _ _ _ 

Screen  type  Schedule  40,  PVC,  mill  slot _ Diamete'  2  inches _ 

Sint  size  0.020  inches  _ Screen  interval  (ft-ft)  15-25  feet _ 

Type(s)  of  glue  used  to  join  rasing  none _ _ 

Type  of  gravel  pack  used  8-12  sand 

Amount  of  gravel  pack  used  see  next  page _ 

Grain  size  distribution  of  gravel  park  see  specification  sheet _ 

Lithology  of  gravel  pack  Quartz,  trace  rock  fragments _ ___ 

Source  (company  and  qiiarry/pit)Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR _ __________ 

Interval  of  gravel  pack  (ft-ft)  12-25  feet _ _ _ _ _ 

Interval  of  bentonite  seal  (ft-ft)  10-12  feet _ 

Interval  of  grouting  (ft-ft)  0-10  feet _ _ _ _ _ 

Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  No  Master  3213 


,  Location  Of  key(s)  TAFB/SGB,  DEEP;  Radian 


D-77 


Well  Completion  Log:  Sheet  2/2 


Boring  or  Well  No _ II _ 

1  nr.atinn  North  edge  of  Landfill  6 


project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W-M-  Little  _ 


Construction  Schematic 


Protective 

casing 


Grout 


Bentonite 


Static 
water  level 


Gravel  pack 


Static  level  of  water  before _ 16  feet _ 

after _ 16  feet _ (ft)  development _ 

Development  Started  1012  hrs.  22  June  1984 _ 

Development ported  1032  hrs.  22  June  1984 

Quantity  of  water  discharged  during  development.  15  ga! 
Type,  size/capacity  of  pump  or  bailer  used  for  development 
Air  lift  (drilling  rig)  with  variable  discharge 


.(ft)  and 


15  gallons 


Depth  of  open  hole  inside  well. 

Before  development _ 

After  development _ 


25  feet 


Development  Record 


Clarity  and 
Color  of 
Discharge 


Discharge 


Lithology  ana 
Grain  Size  of 
Removed 


Sediment 


Conduc¬ 

tivity 


Remarks 


Red-brown 

heavy 

silt 


Slowly  clearing 


1032  Clear 


Wearing 

respirators 


Production 
approx.  1/2 
gpm 


m 

tel 


m 


■•".u 

•  < 


a 


CORPOIIIITION 


Well  Completion  Log:  Sheet  1/2 


Boring  or  Well  No.  ?G 


i  nratinn  East  edge  of  Landfill  6 


Projeet  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W,M-  Little _ 


Construction  started 

21  June  1984 

completed 

22  June  1984 

Development  started 

22  June  1984 

completed 

22  June  1984 

Total  depth  drilled  (ft)  _ 

30  feet 

Hole  diameter 

8  inch 

Drillina  method 

air  rotary 

Problems  encountered  durina  drillina  None 

Water  source  for  drillina  and  c omoletion  orocedures 

base  supply 

Number  and  tvne  of  samnles  collected  Grab  samples  from  discharge _ 

Sample  interval  (ft-ft) 

variable 

Storage  method(s) 

plastic  bags,  ambient  temperature 

basing  type  Schedule 

80  PVC,  flush  joint 

Diameter 

2  inches 

Depth  of  casing  (ft) 
Screen  type  Schedule 

13  feet 

40,  PVC,  mill  slot 

Diamete' 

2  inches 

Slot  «ii7o  0-020  Inches 


.Screen  interval  (ft-ft) 


13-28  feet 


Type(s)  of  glue  used  to  join  rasing  none 


Type  of  gravel  pack  used  8-12  sand 


Amount  of  gravel  pack  used  see  next  page 


Grain  size  distribution  of  gravel  park  see  specification  sheet 


Lithology  of  gravel  pack  Quartz,  trace  rock  fragments 


Source  (company  and  quarry/pit)  Arkhola  Sand  &  Gravel,  Ft.  Smith,  AR 


Interval  of  gravel  pack  (ft-ft)  10-28  feet 
Interval  of  bentonite  seal  (ft-ft)  5-10  feet 
Interval  of  grouting  (ft-ft)  _ n-5  feet 


Description  of  security  measures  8  inch  steel  protective  casing  and  lid;  secured  with  padlock 


Padlock  ID  Nn  Master  3213 


,  Location  of  key(s)  TAFB/SGB,  DEEP;  Radian 


D-  79 


siiisn 


RADIAN 


Well  Completion  Log:  Sheet  2/2 


Boring  or  Well  No.  7G _ 

I  ocation  ^ast  edge  of  Landfill  6 


Project  Tinker  AFB  IRP  Phase  II  Stage  2 
Log  Recorded  By  W-M-  Little _ 


Construction  Schematic 


Protective 

casing 


Bentonite 

Static 
water  level 


Gravel  pack 


Collapse 


Static  level  of  water  before  T?  feet _ 

after  12  feet _ —.(ft)  development _ 

Development  Started  0840,  22  June  1984 _ 

Development  ended _ 0900.  2.2  June  1984 _ 

Quantity  of  water  discharged  during  development  15  gallons 

Type,  size/capacity  of  pump  or  bailer  used  for  development _ 

Air  lift  (drilling  rig)  with  variable  discharge 


.(ft)  and 


Depth  of  open  hole  inside  well 

Before  development _ : 

After  development _ : 


28  feet 
28  feet 


Clarity  and 
Color  of 
Discharge 


Red,  Not  deter 

heavy  silt  mined 


Development  Record 


Lithology  ana 
Grain  Size  of 
Removed 
Sediment 

■  Silt 


Odor 

of 

Discharge 


Conduc¬ 

tivity 


Lighter 
color  & 
turbidity 


Light 

grey-red 

silt 


Remarks 


Wearing 
respirator . 
Initial 
production 
approx.  1+ 
gpm. 

Production 
slows  to 
approx. 

1/2  gpm. 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE 
PROJECT _ 


SUBJECT. 


n  /  ‘sh 


Ni 


i  WS  NT 


>  N  NV*P  i—  v  n\  (o 


CHECKED. 
JOB  NO _ 


SHEET. 


.SHEETS 


tati o  h  X  ~T -  SE-O Cs.orc.uo  ...  _ 

C-/VT~|Q  M  O  Noirrt  5'OE  OF  COHCP-^rE  COLUEA.T  ON'SEa.^Tfl.oi 

l  FT .  E  ArST!  _  O'?  _  ^ e. <W  EL  /.P*  M.O  JU  . . . . 

P'K'EMT-T^g.^c.ft'PT'OH  o  ^  ij_vV _  i.U./vV7  ;  Gp.«S3  LAVEil. _ 

OT=  SAwO  cHCOONTEH.'eO  JoiST  B'E-^-O 'N  SOArAC-t. 


>  \  AA.T£N*T~ 


0”T= 


2i.o-  T-^vt  >.  lbi.5iA.  5£.'C>iM'=Kr  'Puoc*  C.OUu'E.c.TtE.p  /mt  EOtt 
05=  ?oNO  IN  VloiS-*FV-C>'«Oi  NVU  C.  StC-TiO  M  O  <P 

o/**  *ry-»”t  ifACa,  i>p iajt"  appear  tq  3E  p>'-=>Tov»-3«tt.O, 

<Cjot.vji£jajr  osjt-'-^T'  'ism^ra-iN  A-v_*5>'(\M.®«re-fA.-  :sa  \ .  °l  S^etc^s...  . . 

S  01MC-.  ~T-iO  i  nv. 


JL_ 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE 
PROJECT _ 


SUBJECT. 


iKEMT-  <  K\Ca 


CHECKED 


JOB  NO.. 


SHEET. 


.SHEETS 


CALCULATION  SHEET 


CALC.  NO 


CHECKED  ^  OATE_ 

JOB  NO _ : _ 

SHEET _  OF _ 


ION4A  T-'S.'EO  -^l-^Ci  __ 

.-LQ.CM~'ON°  _  _  _  _ _  _ _ 

<gTM  HV>£Hr  C  Q-  >  ^T1  O  IS  * 


SIGNATURE. 
PROJECT _ 


4.  (  l«=t 


SUBJECT. 


i  JvVE.M.T" 


<.im  (0 


Notes!.  ~l  .G>  -  iuc»Jr  ,T?>v.oG>s  co  vvJE.<^nt  D  T=-0' 

_COM,Pos.iT'HL_'V$.„_.S  ."fLi=oT-3  o 

i vjav.  o v=-  0^^^^g^?=h_-ocoS  ....  _ 

^apss-^or,  oM  M~  TYt-T8-  i— ■  Qi  nT*  % 


-fc=  Ate-  L*>i  <■  A-  AN 


SIQNATUR 

PROJECT. 


SUBJECT. 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE 

PROJECT. 


SUBJECT. 


IM  VO 


.  DATE. 


CHECKED. 
JOB  NO _ 


SHEET. 


.SHEETS 


%  ~T~-  -0  t»  -  H-C ; . 

LOc-M-t  O  M  %  j5~Q  O^. i'Tj'a.'E.MA  05=  <^0  i_VS.rV.T-  ON 

T^tRol.  ‘iiOA.D  _ _ _ 

^T=Ts.  T=>Ss.^iV'T»T-|QM  ,V _  _  . .  . . .  __  ._... 

<=^c_^e<^rT-e.o>  T=\\om.  j^iNcwr 
~L>_00  .  T>t-J»ca.  grti-i.ge.TEr>  /NT  'Ocm«vJT-  \*0  d-OLJS^.  v-t-  _ 

^PTYO^V  __  g^O^T-ZV)  fS4  |  NACs,  rs  O  Tg^t“  ATl-O  ?*4_. A-7VT5wVi C>V=_ 

^  <_e :vg.t_. _ o  r^eiE-tfs^r^iei?  J«r 

O  v—  MCr>»_ _ _ _ _ _  _  _  .  _ _  _  _ _ _ ... 


SIGNATUR 

PROJECT. 


SUBJECT, 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE 


/s/ 


CHECKED 


vj  /A  ( _ 


PROJECT. 


SUBJECT. 


m  K.TT. 


OU,iQi.iNC. 


JOB  NO.. 


SHEET. 


.SHEETS 


AD-A1C2  911 
UNCLASSIFIED 


INSTALLATION  RESTORATION  PROGRAH  PHASE  II  2/C 

CONFIRHAT ION/QUANTI F I CAT I ON  STA.  .  (U)  RADIAN  CORP  AUSTIN 
TX  R  N  BAUER  ET  AL.  OCT  BS  RAD-83-212-827-21-B3-V0L-2 
F33615-83-D-4881  F/G  13/2  NL 


SiQNATUR 

PROJECT 


CALCULATION  SHEET 


CALC.  NO 


SIQNATUR1 
PROJECT _ 


-O  /gw  CHECKED  DATE. 


JOB  NO.. 


\  C>  «M 


L-0< 


S  ^p. 


.r  ,C_T 


r<g>  uJg. 


■c_rrj  ca  M*. 


fVNK.a^F  ( c-  o  v_T“  TO  O^TV**  •  >»V  •  /^pO,\Oic 

- 1  i^ArE  vV  C=>..'  MC-M'g*:  <r^i  ■  ^trrr^  _ 

Ar-^  .  ^VVOP  L_^_.  VZ&.L-Oc^'-^i?_  ATT-  ^*-/-N5=»w.  MG  "3AO  I  >m>t_ 


*D=I.M 


"Dm.H 


CALCULATION  SHEET 


SIGNATURE 
PROJECT _ 


SUBJECT. 


m 


^  \ — 


*1  .  CHECKED 


CALC.NO 


DATE_ 


>  KC  HT 


/VK'fi  Ui^lCa 


JOB  NO.. 


SHEET. 


rr*=T-|QTM  1  T“-S.TE^>  -1^  -C.C--.  \p  _ 

— O  C-AJT-  lON°  Og  OSM'PO'S  iT^S-O  'F=TF.o/*\.  Tw-?LbL.. 

~lp5(_0  <><*  ~T  vj  O  OXg  twt^  ~i?wotoS C.Q  U>-Ecr  —  

\  I  ^ObON  STO.S^\  Ql^  T->-V’E.  vV _ ONF 

CouCEcn.^  JoS\  "DowMST^A.K,  OF'  ~T«-£.  Ti^OCs®., 

.A.'— c.  l,i=s__  <£&  «-<— t=*cJT  ^ n.  “a_0''s..TT4't= 

_Q*FF  'T-v-t  "E. _ F  »<  /X.^.  SFQOQVI  ~~^_.~E.  I — o  W  ■  _ 


VJKTft. 


N\o-T-H:^i  WATr^..'^,  VE~Ft5p  rOA  *-v5P  ‘Vr-y-c  ■v.  vy  H.  t  . . 

_ Ci-B-A-  r^~  £>  S~T-fV^.A-  ^>V  O  F:  -g.  v  >%.  .  V—  MqTc>4  ^E>-Voy~C- 

-^> >we; <  .^i_ .  ~v> *  »N\ s'Qh  s  o*?_. . ^  •»_  . 

M _ T^*L  LO  Vj  .  _ _ _  _  _  ...  _  . . . 


^r= 


rl// 


M  ■-  o.m  o 

W=  (clA.  j-v. 

w *-  o  i  ,vv 


±TTF<-EJk^  C.,^/VN/V|H-V_  <VT“  r\_  v*5  M  .  I_  i^rC-'^O  SS 


'luUl 


SMNATUM 
PROJECT _ 

SUBJECT— 


A  j 


CALCULATION  SHEET 

SATE.  c-Va'/ay.  CHECKED. 
^  JOB  NO.— _ 

>  M  Ca  sheet _ 


CALC.NO. 

.  DATE— _ 


”  O  "  oL.V_”§  <3-^.  ~  CJZJ~\  ^vr"e_  S^»A.'?yT«i 

,2>  Co.u«-e.crEO  t >A/A^D  I  AV~E _Or? 


>E^i i t^.’E'^T*-  ti^ClPL'PTlOM  fs. 


1QTF.S.  »  <Se’A.'  ES.  a^r  <—'  H 

<0-TXt=  J_N  ~^-Ti  A-l^-Tr  Q^r  -|-y. <g;  <.A»  ^Ajr*  >_ I  N/o_"Poi  '>i  t“L 

-P?u.^'E«r?!5u.A  viST  7Vt=  t_rsco  J>A^\ 

_  ,__L»A  ^  5^="  i  jarj— . t— o.  .ASeLRq<_'  j-V> 

ISO  TPfT.  _  "TO  T><.  _SQ031f _ L\—  OA^  ~Ei>  «OE  i_00  ^ 


■gMCgo>'TS.P-^  iuo-uvs _ 

IZetPw  12  *E  A  OE  >A.S  •  _  .CUEAO.I 

^  S~~  ^s.te^t-%-  »a  *•— _ •povyM  S’c-ra-’C^i*-^. _  _  _ _ _ _ _ 


"x)=o^sv^  • 

_  .  _ 

t)  r\.CO~». 

CALCULATION  SHEET 


/m  /«v  6 
>/2  I  ^ 


,P0(aOW-OO^ 


CHECKED. 
JOB  NO _ 


W^j _ 


CALC.NO 
,  DATE.. 


SMNATUA 


PROJECT 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE 
PROJECT _ 

SUBJECT _ 


A~~& 


I  M  Cm 


CHECKED  I  -  OATE _ 

JOB  NO _ 

SHEET _  OF _ 


s^AtTiomi  T- -  - ^LG  -  cc \ 

/  c?  OMl  .  CZL  'P^O'V'-^-r^o  d,^ET=<.  *TjK^=- 

dooivs^..  _ _ _  _ _ _  _ _ 


Cso < 


"5  'c=.T^  1  /»-\  V  CZ  1  O  ~M  ^ 

~N  gyr-T=s.  *  V" E.i^JTo (A C>_  A smx^uim 

_  '  ^ xvpjJE. __sr o ^ <. '''- tjvqA. 

d^O  v^.  STT5=S.  ^ £2*  . lOO-Fts.’r _  _.. 

>\  ^T-~A.T^/V'vA  Or=  T=DCr  13iA-'C>C£>E_ 

_ Q^=  .'puauo  A:0.5_i=rP5  .  _._ 


S1GNATUR 

PROJECT. 


SUBJECT, 


CALCULATION  SHEET 

-7  /  iq  J  jj*/  ^bu«o»J-o®. 

CALC.NO 

ATE g»  / 3-0  /  ?y CHECKED 

DATE 

-..  JOB  MO 

^T~A-T-  >OM  ^ 

-OCfVT  i  o  m  *^_  ..  AsJKEA  \  O  t=~g T=_-y-  Soon^  _ov 

COj-ucM  ..  A-S^TS-QiA- _ _ _ _ _  _  _ 

:~<V="  •  —  >0.  •'?-  *  '  g  g-  ^  <-»  T’  c  M  ’  4-VfM=MS  ?  'v-T^TIi  .*==-..; 

.  _ 


^vXqt^E.  ^  o  h*  VS-t _  SAMS, 

.  ,._<SrO  Uj-EcrE.lX  r?=:a^o  /'A-  A_S  JHG,C£__T^=PCo  , _ 


CALCULATION  SHEET 


SIGNATURE 
PROJECT _ 

SUBJECT- 


CHECKED  . 
JOB  NO _ 

SHEET _ 


CALC.  NO. 

,  DATE _ 


.SHEETS 


Depth 

Depth 

Well 

to 

to 

Stickup 

Field 

Field  Temp. 

Number 

Water 

Bottom 

(inches) 

Date 

ph 

Cond. 

(°c) 

Sampler 

Comments 

6G 

84.67 

93.07 

3.13 

7/16/84 

11.4 

840 

20 

DHG/NPS 

Well  water  very 

9.4 

420 

turbid.  Much 

7.7 

sediment. 

Sample 

7.9 

320 

Approximately  15 
gallons  bailed 
by  hand.  The  3 
measurements  of 
ph  and  conduc¬ 
tivity  refer  to 
the  first  3 

5-gallon  bucket- 
fulls. 

6D 

32.94 

59.00 

2.94 

7/16/84 

7.4 

340 

DHG/NPS 

Measurements 

6.8 

330 

taken  at  approx- 

7.0 

330 

imately  5  gallon 

Sample 

7.0 

intervals.  22 

gallons  purged 
prior  to 
sampling. 

7F 

19.20 

28.45 

3.25 

7/71/84 

6.3 

900 

18 

DGH/NPS 

Very  red — high 

Sample 

6.4 

sediment . 

7G 

12.97 

31.4 

2.54 

7/18/84 

6.5 

190 

18 

DHG/NPS 

Very  red — high 
sediment . 

6A 

60.00 

80.45 

3.53 

7/18/84 

6.5-7 

345 

21 

6B 

67.28 

92.68 

3.01 

7/18/84 

6.5-7 

460 

20 

NPS/DHG 

6C 

69.69 

85.28 

2.20 

7/18/84 

6.5-7 

750 

19.5 

NPS/DHG 

Pump  broke  at 
approximately 

2  well  casings; 
bailed  the 

rest . 

6G 

85.00 

93.32 

7/30/84 

8.1 

560 

NPS/DHG 

Field  dupli¬ 
cate.  After 

evacuating 

approximately 

10  gallons, 
well  pumped  dry. 
Waited  for  well 

to  recover  and 
then  sampled 

E-33 

(approximately 

45  minutes) . 

■  II—  1  1  fl  II  PI 

CALCULATION  SHEET 


SIGNATURE 
PROJECT _ 

SUBJECT- 


CHECKED. 
JOB  NO _ 

SHEET _ 


CALC.  NO. 
DATE _ 


.SHEETS 


Well 

Number 

Depth 

to 

Hater 

Depth 

to 

Bottom 

Stickup 

(inches) 

Date 

Field 

ph 

Field  Temp. 
Cond.  (*C) 

Sampler 

Comments 

6E 

63.11 

115.55 

7/30/84 

7.4 

490 

18 

NPS/DHG 

Pumped  100  gal. 
before  sampling. 

6F 

84.15 

105 

2.61 

7/30/84 

7.2 

720 

18 

NPS/DHG 

pH-7.1,  0740 

@  18  gal. 
Pumped  40  gal. 
before  sample. 
601,  624/625. 
Left  to  go  set 
up  next  veil  and 
DPDO  closed  so 
grabbed  sample 
first  thing  on 
7/31/84. 


7C 

72.40 

101.5 

2.93 

7/30/84 

7.1 

420 

17 

NPS/DHG 

601,  624/625. 

7A 

79.18 

108.8 

3.60 

7/31/84 

7.2 

590 

17 

NPS/DHG 

@  33  gal.,  pH- 
7.1,  0590 . 

55  gal.  evacu¬ 
ated.  601, 
624/625. 

6D 

32.85 

7/31/84 

7.2 

590 

18 

NPS/DHG 

Field  duplicate 

for  601, 
624/625.  @  15 

gal.  pH  "  7.2, 
0600.  6  30 

gal.,  pH-7.2, 
0600. 


2A 

39.46  48.97 

3.0 

7/31/84 

6.6 

960 

18.5 

NPS/DHG 

@  approximately 
8  gal.,  pH-6.7, 
0960 .  Approxi¬ 
mately  20  gal. 
evacuated.  601 
only. 

6C 

69.74 

7/31/84 

7.2 

700 

19 

NPS/DHG 

30  gal.  evacu¬ 
ated.  601  only 

7F 

20.36 

7/31/84 

6.6 

1400 

19 

NPS 

20  L  evacuated. 
601. 

6A 

60.00 

8/1/84 

6.5 

440 

20 

NPS/DHG 

101.40  gal. 

evacuated . 


CALCULATION  SHEET 


SIGNATURE 

PROJECT— 

SUBJECT—. 


Well 

Depth 

to 

Number 

Water 

7G 

13.03 

to  St ickup 


6B  Aprx.  67 


6D  32.9 


6G  84.69 


62.88 

83.89 

72.24 

79.17 

72.37 


CHECKED. 
JOB  NO _ 

SHEET _ 


CALC.  NO. 

,  DATE _ 


.SHEETS 


Date 

Field 

ph 

Field  Temp. 
Cond.  CC) 

Sampler 

8/1/84 

6.0 

250 

17 

NPS/DHG 

8/1/84 

6.8 

640 

19 

NPS/DHG 

8/1/84 

7.2 

580 

18 

NPS/DHG 

8/1/84 

7.7 

530 

19 

NPS/DHG 

8/14/84 

7.3 

450 

DHG/AES 

7.1 

740 

8/14/84 

7.6 

420 

DBG/ AES 

8/15/84 

8.8 

570 

DHG/AES 

8/15/84 

7.2 

440 

DHG/AES 

@  approximately 
25  gal.,  pH-6.8, 
0620. 

@  approximately 
35  gal.,  pH-6.8, 
0600.  50  gal. 

evacuated .  601 . 

@  15  gal.,  pH- 
7.2,  0590 . 

@  28  gal.,  pH- 
7.2,  0580 . 

Pumped  dry  @ 
approximately 
12  gallons. 
Waited  20  min. 
for  recovery. 
601. 


E-35 


CALCULATION  SHEET 


CALC.  NO. 


SIGNATURE  Little _  DATE _ 

PROJECT  Tinker  AFB  IRP  Phase  II,  Stage  2 _ 

SUBJECT  Depth-To-Water  Measurements.  Base  Wells 


CHECKED. 
JOB  NO _ 

SHEET _ 


212-027-21-01 

_  OF _ 


.SHEETS 


Well  No. 

Date 

Depth  to 
Water  (ft) 

Height  of 
Measuring  Point 
(inches) 

— 

Comments 

16 

10/1/84 

235' 

15  1/2 

Cascading  water  interferes 
with  measurement. 

15 

II 

220' 

20  1/2 

do. 

14 

ft 

- 

- 

No  access. 

17 

ft 

205'  4" 

2 

Open  casing. 

18 

It 

100'  8  1/4" 

4 

do. 

19 

It 

240'  8" 

4 

do.,  sound  of  cascading  watt 

13 

10/8/84 

- 

- 

No  access. 

12 

It 

- 

- 

No  access. 

11 

II 

260’  5" 

10 

20 

11 

310’  18  1/2" 

7 

21 

ft 

230’  8" 

8 

17 

II 

205'  26" 

2 

Re-measurement . 

22 

10/15/84 

- 

- 

No  access. 

23 

II 

230'  23  1/4" 

7 

Cascading  water. 

24 

II 

- 

- 

No  access. 

25 

II 

- 

- 

do.,  access  port  plugged. 

26 

II 

do. 
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DEPARTMENT  OF  THE  AIR  FORCE 
2834TH  CIVIL  ENGINEERING  SOUADRON  IAFLC) 
TINKER  AIR  FORCE  BASE.  OKLAHOMA  73145- 


ft  CPL T  TO 

*ttn  o?'-  DEEE  (Sgt  Deguzman ,  42868)  21  Aug  84 

Elevation  Survey  of  IRP  Phase  II,  Stage  2  Wells  (Your  Ltr,  2  Aug  84) 


TO  USAFH/SGB 


Results  of  wells  survey,  as  per  your  request,  is  found  on  Attachment  1. 


Engrg  &  Envmtl  Planning  Branch 


2  Atch 

1.  Well  Elevations 

2.  USAFH/SGB  Ltr,  2  Aug  84 
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RVLY 

ATTK  OP,  SGB 


DEPARTMENT  OF  THE  AIR  FORCE 

USAF  HOSPITAL.  TINKCK  lATLC) 
TINKER  AIR  FORCE  BASE.  OKLAHOMA  731  AS 


*  Z  AUG  i3ca 


•u«j«ct,  Elevation  Survey  of  1RP  Phase  II,  Stage  2  Wells 


*«•  2854  CES/DEE 


Radian  Corp  requests  that  absolute  well  elevations  surveys  be  obtained  by  22 
Aug  84  for  the  six  on-base  wells  shown  on  attachment  one.  Similarly,  they 
request  that  absolute  elevations  be  obtained  for  the  seven  wells  shown  on 
attachment  two.  These  wells  rise  about  three  feet  above  the  ground  surface 
and  are  approproximately  eight  inches  in  diameter.  This  data  is  needed  to 
verify  groundwater  flow  direction.  Questions  regarding  this  request  should  be 
addressed  to  Capt  Cornell  at  ext  47844. 


— ^ 

DAVID  W.  McELWEY,  Lt'Col,  USAF,  BSC 
Chief,  Bioenvironmental  Engineering 
Division 


2  Atchi 

DOn-base  well  locations 
2)0ff-base  well  locations 


i. 

SL  *» 


A  T£C  -  £ifclinc  oj  ihe  Aerespace  Ocar* 
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WELL 

WELL 

"A" 

ELEVATION 

1277.73' 

WELL 

"B" 

1281.68' 

WELL 

"C" 

1272.30* 

WELL 

"D" 

1282.55' 

WELL 

II  £M 

1280.99' 

WELL 

II  pH 

1280.48' 

WELL 

“G" 

1300.00* 

WELL 

"H" 

1271 .91' 

WELL 

H  Jll 

1256.15' 

WELL 

"J" 

1271  .58' 

WELL 

"K” 

1270.22' 

WELL 

■i  |  n 

1271.03* 

WELL 

"M" 

1287.29' 
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QUALITY  ASSURANCE 

The  bulk  of  the  field  sampling  procedures  were  presented  In  Section 
3.0  of  the  report.  The  purpose  of  this  Appendix  Section  is  to  describe  the 
quality  control  and  quality  assurance  aspects  of  the  field  program. 

Many  of  the  traditional  quality  assurance  techniques  (duplicate  or 
spiked  samples,  for  instance)  are  designed  to  test  instrument  or  analyst  per¬ 
formance  and  do  not  address  the  needs  of  a  field  program  of  monitoring  well 
installation.  In  lieu  of  such  techniques,  field  practices  are  built  around 

a  principal  of  "do  it  right  the  first  time",  and  procedures  are  developed  to 
insure  this.  The  three  main  elements  of  the  field  QA  program  are: 

•  Record-keeping; 

•  Peer  review;  and 

•  Technical  staff  management  review. 

Eash  is  discussed  below. 

Record-Keeping 


Each  supervising  geologist  kept  field  notes  as  the  coring  and  well 
installation  activities  progressed.  In  addition,  the  drilling  subcontractor' 
team  chief  also  kept  field  notes.  These  two  sets  of  notes  were  compared  to 
develop  the  logs  of  drilling  activities  shown  in  Appendix  D.  Discrepancies 
were  resolved  by  reference  to  the  geologic  samples  collected. 


Ground-water  samples  were  collected  in  accordance  with  a  written 
list.  The  servicing  laboratory  prepared  sample  containers  and  provided  them 
to  the  field  team,  who  were  working  from  the  same  list.  After  the  samples 
were  logged  into  the  laboratory,  the  log-in  sheets  were  compared  against  the 
original  analytical  schedule.  All  samples  were  shipped  or  hand-carried  to 
the  laboratory,  accompanied  by  chain-of-custody  forms  (Appendix  G) . 
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Peer  Review 

Each  of  the  supervising  geologists  served  overlapping  tours  of  duty 
in  the  field.  This  provided  all  with  the  opportunity  to  participate  in  broad 
portions  of  the  study,  rather  than  focusing  on  a  single  zone.  Each  person 
overlapped  with  his  successor  to  insure  a  smooth  transition.  Once  the  field 
effort  was  concluded,  the  supervising  geologists  were  assigned  to  write  up 
separate  zones.  These  writing  assignments  provided  for  close  coordination 
with  other  members  of  the  field  team,  so  that  observations  during  drilling 
and  sampling  were  incorporated  into  the  text.  After  the  drilling  logs  and 
report  text  were  prepared,  they  were  reviewed  for  completeness  and  accuracy 
by  other  members  of  the  field  team.  Thus,  each  portion  of  the  report  was 
subjected  to  peer  review  before  entering  the  formal  review  process. 

Technical  Staff  Management  Review 


After  the  complete  report  was  finalized  by  the  Project  Director, 
it  was  formally  reviewed  by  a  senior  member  of  Radian's  technical  staff 
management.  This  review  focused  on  quality  of  presentation  and  soundness  of 
discussion  and  recommendations. 

FIELD  EQUIPMENT  CALIBRATION 


This  program  utilized  very  little  in  the  way  of  field  instrumenta 
tion.  The  four  items  of  equipment  were: 

•  pH  meter  (Corning  Model  610A  with  a  combination  electrode) , 
standardized  daily  against  pH  7.00  and  10.00  or  4.00  buffers 

•  Conductivity  meter  (YSI  Model  33) ,  calibrated  before  deploy¬ 
ment  against  an  800  pmho  standard  and  daily  internal  cali¬ 
bration  check  ("red  line") : 


..■y.vw.s-.v.-  ••  • 
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Water  level  probe  (Soiltest  Model  762A),  no  calibration 
required ;  and 

Threshold  Limit  Value  Detector  -  "TLV  meter"  (Bacharach 
Model  23-7231) ,  zeroed  with  organic-free  air  and  spanned 
with  hexane  standards.  Not  used  for  emissions  level  data 
determinations,  but  only  for  field  drilling  safety. 


THE  QUALITY  ASSURANCE /QUALITY  CONTROL  PROGRAM 
FOR  RADIAN  ANALYTICAL  SERVICES 

Radian  Analytical  Services'  (RAS)  objective  is  to  provide  high 
quality  chemical  analyses  to  all  clients  regardless  of  the  size  of  the 
analytical  task.  To  aid  in  achieving  this  goal,  a  strong  quality  assurance 
program  and  rigid  quality  control  practices  are  integral  parts  of  all 
analyses.  This  document  describes  these  quality  assurance/quality  control 
protocols  for  the  Radian  Analytical  Services  laboratories. 

The  basic  quality  control  program  includes  procedures  for  sample 
handling,  calibration,  spiking  and  replicate  analyses,  analysis  of  QC  test 
samples,  equipment  maintenance,  and  supplies  control.  These  procedures  can 
be  integrated  with  a  client's  additional  requirements,  such  as  spiking 
studies,  analysis  of  replicate  samples,  linearity  determinations,  and 
stability  studies. 

The  quality  assurance  program  consists  of  the  frequent  submission 
of  blind  QA  samples,  duplicates,  and  spiked  sample  splits.  Also  included 
are  personnel  training,  analytical  methodologies,  sample  control  procedures 
data  handling,  and  equipment  maintenance  and  calibrations. 
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QA  Organization/Policy 

The  objective  of  Radian's  quality  assurance/quality  control  program 
is  to  assure,  assess,  and  document  the  precision,  accuracy,  and  adequacy  of 
data  obtained  from  chemical  analysis  and  to  assure  the  technical  accuracy  of 
the  results  obtained  for  all  samples. 

Radian  has  organized  the  quality  assurance  function  within  the 
company  to  allow  complete  independence  of  program  review.  Radian's  Quality 
Assurance  Director  reports  directly  to  the  Vice  President  of  the  Technical 
Staff.  This  position  provides  independent  reviews  at  all  levels  of  the 
technical  staff  and  laboratory  organization  and  allows  immediate  access  to 
Radian's  top  management  on  QA-related  matters. 

The  QA  Director's  involvement  may  be  limited  to  a  review  of  quality 
control  practices  or  as  extensive  as  active  development  and  implementation  of 
quality  control  procedures  and  statistical  data  analysis.  The  QA  Director  may 
be  asked  to  contribute  expertise  and  assistance  when  a  need  is  perceived  by 
either  the  client,  the  technical  staff,  or  the  management  staff. 

Because  of  the  large  number  of  samples  analyzed  by  RAS,  a  0A  coordinator 
has  been  assigned  to  monitor  and  maintain  an  effective  QA/QC  program  for  these 
laboratories.  The  RAS  Quality  Assurance  Coordinator,  directly  responsible  to 
the  Corporate  QA  Director,  serves  as  an  independent  auditor  of  all  RAS  labora¬ 
tories.  The  responsibilities  of  the  RAS  QA  Coordinator  are  as  follows: 

•  Monitor  QA/QC  within  RAS  laboratories. 


Supervise  the  preparation  of  blind  audit  samples. 


•  inform  the  Director  of  RAS  and  the  corporate  QA  Director  of 
quality  assurance  problems, 

•  summarize  and  report  QA  activities  in  the  laboratories, 

•  document  all  QA  and  QC  procedures  within  RAS, 

•  act  as  liaison  between  the  corporate  QA  Director  and  RAS, 

•  provide  QA  data  to  the  corporate  QA  Director  for  inclusion  in 
the  corporate  QA  reports. 

The  RAS  laboratory  managers  function  as  the  quality  control  coor¬ 
dinators  in  each  particular  analytical  area.  Their  efforts  are  coordinated 
and  monitored  by  the  QA  Coordinator. 

Quality  control  coordinators  serve  as  a  focal  point  for  all  QC 
activities  pertaining  to  each  RAS  laboratory.  They  work  as  a  committee 
coordinated  by  the  RAS  Quality  Assurance  Coordinator.  Their  activities 
include  the  following: 

•  monitor  the  QA/QC  activities  of  the  laboratory  area, 

•  inform  the  Director  of  Analytical  Services  and  the  QA  coor¬ 
dinator  of  QC  problems  and  needs. 

•  summarize,  document,  and  report  quality  control  activities 
and  data  generated  in  the  laboratory. 


provide  documentation  of  all  QC  procedures  in  the  laboratory 


•  maintains  summaries  of  QC  activities  and  data  in  a  form 
suitable  for  client  review  upon  request. 

2.0  Quality  Control  for  Laboratory  Analyses 

Radian  Analytical  Services  has  developed  and  implemented  quality 
control  procedures  for  all  of  the  analyses  performed  in  the  laboratory.  The 
laboratory  quality  control  program  provides  an  effective  and  efficient  laboratory 
protocol  for  QC  regardless  of  the  size  or  scope  of  the  analytical  requirements. 
Approved  analytical  methods  are  used  whenever  available.  When  approved  methods 
are  not  available,  a  method  is  developed  by  the  Radian  technical  staff,  and 
a  technical  note  written  describing  the  method.  The  quality  control  procedures 
are  designed  to  insure  that  the  standard  operating  procedures  and  quality  control 
protocols  are  being  followed  and  accurate  results  are  obtained. 

The  general  quality  control  program  utilized  in  each  laboratory 
includes  consideration  of  the  following  areas: 

•  personnel  training  and  certification, 

•  analytical  methodology  documentation, 

•  sample  handling  and  control, 

•  laboratory  facilities  and  equipment, 

•  calibration  and  standards, 

•  data  handling  and  documentation, 

•  quality  control  check  samples. 

The  general  approach  to  quality  control  in  each  of  these  areas 
is  discussed  in  the  remainder  of  this  section. 


2.1  Personnel  Training  and  Certification 

The  successful  implementation  of  any  QA/QC  program  is  determined 
by  the  training  and  dedication  of  the  laboratory  personnel.  The  quality  and 
consistency  of  data  should  be  Independent  of  the  analyst.  With  the  proper 
training  and  supervision,  an  analyst  will  be  able  to  obtain  quality  data  by 
the  use  of  proven  methodology.  Periodic  assessment  of  training  requirements 
and  certification  are  performed  to  maintain  a  high  level  of  laboratory  aware¬ 
ness. 


The  training  and  certification  methods  employed  in  the  RAS  laboratories 
ar»  briefly  described  below: 

•  study  of  laboratory  standard  operating  procedures, 

•  study  of  QA  manual, 

•  observation  of  experienced  operators/analysts, 

•  study  of  operating  manuals, 

•  instruction  by  the  laboratory  manager  on  all  aspects  of  the 
analysis, 

•  perform  the  analysis  under  the  direct  supervision  of  the 
laboratory  manager, 

•  perform  analysis  under  supervision  of  experienced  personnel, 

•  analysis  of  blind  QC  samples  prepared  by  laboratory  QC  coor¬ 
dinator. 


•  participation  in  in-house  seminars  on  laboratory  methods  and 
procedures . 
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PERSONNEL  TRAINING  RECORD 


Employee 
Employee  Number 
Date  of  Employment 


Laboratory  Orientation: 

Upon  completion  of  each  phase  of  personnel  training  the  employee 
and  Laboratory  Manager  will  initial  and  date  the  step  completed. 

*  The  RAS  laboratory  Standard  Operating  Procedures  have 
been  read  and  understood. 


Employee  Lab  Mgr.  Date 

•  The  RAS  Quality  Assurance  manual  has  been  read  and 

the  procedures  for  the  laboratory  in  which  the  employee 
worker  have  been  explained. 


Employee  Lab  Mgr.  Date 

•  Operation  manuals  for  instruments  with  which  the 
employee  performs  analyses  have  been  studied  and 
the  procedures  for  operation  and  maintenance  are 
understood. 

Instrument  Employee  Lab  Mgr.  Date  Instrument  Employee  Lab  Mgr.  Date 


Test  Specific  Training: 


Each  specific  test  performed  in  the  RAS  laboratories  involves 
procedures  which  may  be  unique.  The  steps  involved  in  training  an  employee 
are: 


•  Instruction  by  the  Laboratory  Manager  on  all  aspects 
of  the  analysis , 

•  Observation  of  experienced  operators/analysts, 

•  Perform  the  analysis  under  supervision  of  the  laboratory 
manager, 

•  Perform  analysis  of  QA  samples  submitted  by  the  QA 
coordinator,  and 

•  Participation  in  in-house  seminars  on  laboratory 
methods  and  procedures. 

The  following  table  is  to  be  completed  by  dating  and  Initialing 
by  the  employee  and  Laboratory  Manager  upon  completion  of  each  step. 


Method 


Instruction 


Observation 


Perform  the  Analysis  of 
Analysis  QA  samples 


Seminars 


All  RAS  personnel  must  complete  a  quality  control  training  program. 
This  system  includes  motivation  toward  producing  data  of  acceptable  quality 
and  involves  "practice  work"  by  new  employees.  Mew  personnel  are  made  aware 
of  the  quality  standards  established  by  RAS  and  the  reasons  for  those  standards. 
They  are  made  aware  of  the  various  ways  of  achieving  and  maintaining  quality 
data.  After  an  employee  has  been  trained  to  use  a  method  and  the  work  validated 
by  the  laboratory  manager,  the  employee  is  certified  to  perform  the  analysis. 

As  these  people  progress  to  higher  degrees  of  proficiency,  their  accomplish¬ 
ments  are  reviewed  and  then  documented.  Documentation  of  proficiency  training 
is  maintained  by  the  QC  Coordinator  for  each  laboratory  technician  using  the 
two-page  form  shown  in  Figure  2-1. 

2.2  Analytical  Methodologies 

All  analytical  procedures  followed  in  the  RAS  laboratories  are  docu¬ 
mented  in  a  methods  manual  for  the  specific  laboratory.  A  set  of  standard 
operating  procedures  (SOP)  has  been  established  for  each  analysis  to  insure 
consistency.  Most  methods  used  are  directly  from  an  approved  analytical  manual, 
e.g.,  EPA  methods,  APHA  Standard  Methods  for  Water  and  Wastewater,  A STM,  etc. 

Methodologies  may  contain  the  following  information: 


•  method  title, 

•  scope  of  method, 

•  summary  of  interferences,  and  applications, 

•  concentration  ranges  and  detection  limits, 

•  safety  precautions, 

•  required  equipment  and  materials, 

•  standardization  directions, 

•  detailed  analytical  procedure, 

•  calculations,  with  examples, 

•  reporting  method , 

•  precision  and  accuracy  statement, 

•  references. 


The  Radian  Analytical  Services  Sample  Control  Center  is  a  controlled 
access  area.  Only  employees  of  the  Sample  Control  Center  have  access  to 
sample  receiving,  sample  storage,  documentation  files,  and  the  computer 
terminals.  Analysts  check  out  samples  under  the  supervision  of  the  sample 
control  personnel.  All  samples  are  stored  in  locked  storage  areas.  Sample 
tracking  is  maintained  by  a  computerized  laboratory  management  system  and 
a  sample  checkout  logbook.  The  RAS  Sacramento  laboratory  is  linked  to  the 
central  processing  unit  of  the  computer  in  Austin  via  a  dedicated  phone  line. 
This  insures  that  the  laboratories  are  in  constant  communication.  All  sample 
information  and  data  entries  can  be  immediately  accessed  at  either  location. 

Detailed  record  keeping  and  control  of  samples  are  essential  for 
effective  laboratory  operation.  All  samples  received  for  analysis  in  the 
Radian  Analytical  Service  laboratories  are  processed  through  the  Sample  and 
Analysis  Management  System  (SAM).  Radian  Corporation's  SAM  is  a  software 
and  hardware  system  for  controlling  and  handling  information  for  the 
analytical  laboratory.  SAM  provides  a  dynamic,  easy-to-use  method  for 
tracking,  scheduling,  reporting,  and  laboratory  management.  The  system 
has  been  designed  to  accommodate  and  promote  good  laboratory  management 
practices  by  providing  high  visibility  of  the  information  laboratory 
managers  need  to  make  good  decisions  regarding  schedules  and  priority.  The 
system  is  designed  around  a  Data  General  Nova-IV  computer  with  a  64K-byte 
memory.  It  also  includes  a  65M-byte  disk  drive  and  a  line  printer  with 
plotting  capabilities.  Data  is  entered  via  a  TEC  terminal  and  CRT.  All 
data  stored  on  the  disk  is  backed  up  on  magnetic  tape  to  prevent  loss  in 
the  event  of  a  system  malfunction.  The  system  is  designed  so  that  an 
individual  designated  as  the  principal  operator  can  process  the  required 
paperwork  for  a  large  laboratory  with  little  difficulty.  The  approach 
centralizes  information  input  and  data  retrieval,  and  provides  the  mechanism 
for  organized,  up-to-date  laboratory  performance  monitoring. 


SAM  maintains  complete  client  infoxmation  files,  generates  laboratory 
status  reports,  flags  sample  analyses  which  are  overdue,  accepts  analysis  results 
manually  or  automatically,  and  generates  reports  and  invoices. 


The  Sample  Control  Center  and  SAM  have  six  basic  functions: 


•  sample  receipts  and  logging, 

e  sample  storage  and  maintenance  of  sample  integrity, 

•  laboratory  status  reporting, 

•  document  control, 

•  data  compilation  and  reporting,  and 

e  invoicing. 

In  order  to  assure  the  integrity  of  a  sample  and  the  accompanying 
documentation,  a  security  plan  has  been  established.  This  plan  consists  of 
three  parts: 

•  chain  of  custody, 

•  secured  refrigerated  storage,  and 

•  document  control. 


The  progression  of  samples  and  documentation  through  the  Sample  Control 
Center  and  the  analytical  laboratories  is  presented  in  Figure  2-2.  Detailed 
descriptions  of  each  sample  control  function  are  presented  below: 

•  Samples  are  received  from  the  commercial  carrier  at  Radian's 
shipping  and  receiving  facilities  by  the  receiving  clerk. 

•  Within  one  hour  of  arrival,  the  samples  are  accepted  by  RAS  sample 
control  personnel. 
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SAMPLES  RECEIVED 


Laboratory  Management 


All  shipping  containers  and  security  seals,  when  appropriate, 
are  inspected  for  physical  damage  or  evidence  of  tampering. 

The  samples  are  unpacked  in  the  sample  receiving  area  by  the 
RAS  sample  custodian.  The  method  of  shipment,  shipping  con¬ 
tainer  integrity,  condition  of  samples,  the  number  of  samples/ 
container,  integrity  of  the  security  seal,  and  accompanying 
documentation  are  noted.  Sample  identification  is  verified 
against  custody  documents.  The  enclosed  chain-of -custody 
forms.  Figure  2-3,  when  required,  are  completed  and  filed 
with  the  shipping  and  receiving  documentation.  In  the  event 
that  peculiarities  are  noted,  the  project  officer  or  client 
is  immediately  advised  of  the  Irregularity. 

Samples  are  logged  into  a  bound  sample  logbook.  Figure  2-4. 
Again,  sample  identity  is  verified.  All  discrepancies  are 
noted  in  the  logbook. 

The  handwritten  logbook  and  all  documentation  are  transferred 
to  the  Sample  Control  Center. 

The  samples  are  logged  into  the  SAM  system.  Each  batch  of 
samples  is  assigned  a  consecutive  work  order  number  by  the 
system.  Analytical  requirements  for  each  sample  are  entered 
into  the  computer. 

Hard  copy  of  the  work  order  and  other  information  is  printed 
and  filed  with  the  received  documentation  in  the  Sample  Control 
Center. 

Labels  are  printed  and  secured  to  each  sample.  Label  infor¬ 
mation  includes  sample  number,  identification,  storage  loc¬ 
ation,  and  analytical  requirements. 


CHAIN  OF  CUSTODY  RECORD 

Reid  Semple  No. 


Company  Sampled  /Address _ _ _ _ 

Sample  Point  Description _ _ _ _ _ 

Stream  Characteristics: 

Temperature _ _ _ _ Row - - — - - —  pH 

Visual  Observations  I  Comments _ - — — - - 


Collector's  Name _ Date /Time  Sampled - — — - 

Amount  of  Sample  Collected  _ . _ . - . . — - - - - - 

Sample  Description - - - — - 

Store  at:  □  Ambient  □  S°C  □ -10*C  □  Other - - - — 

□  Caution  •  No  more  sample  available  □  Return  unused  portion  of  sample  □  Discard  unused  portions 
Other  Instructions  •  Special  Handling  •  Hazards . - - - - 


□  Hazardous  sample  (see  below) 

□  Toxic 

□  Pyrophoric 
C  Acidic 

□  Caustic 

□  Other _ 


□  Non-hazardous  sample 


□  Skin  irritant 

□  Lachrymator 

□  Biological 

□  Peroxide 


□  Rammable  (FP<  40*C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Sample  Allocation /Chain  of  Possession: 

Organization  Name _ _ — - - — - - 

Received  By _ Date  Received _ Time 

Transported  By _ Lab  Sample  No - 

Comments _ 

Inclusive  Dates  of  Possession 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession 

Organization  Name _ 

Received  By _ _ _ 

Transported  By _ 

Comments _ — 

Inclusive  Dates  of  Possession 


_ Date  Received _ Time 

Lab  Sample  No.  .  - 


_ Date  Received _ Time 

Lab  Sample  No - 


Figure  2-3.  Chain  or  Custody  Record 


F-25 


Data  sheets  and  work  sheets  are  printed  for  each  batch  of  samples 
and  distributed  to  the  appropriate  laboratory  managers.  The 
work  sheets  list  sample  numbers,  sample  Identification,  storage 
location,  and  analytical  requirements.  Data  sheets  are  for 
results  and  contain  only  the  parameters  to  be  determined  by  a 
given  laboratory. 

Following  sample  logging,  the  samples  are  placed  in  the  desig¬ 
nated  locked  storage  area. 

Subsequent  sample  custody  is  documented  and  all  transactions 
witnessed  by  sample  control  personnel. 

The  analyst  retrieves  the  samples  from  the  Sample  Control  Center 
by  sample  number  and  storage  location. 

The  Sample  checkout  log  (Figure  2-5)  is  completed  by  the  analyst, 
noting  the  laboratory  to  which  the  sample  is  being  removed. 

After  analysis,  or  when  the  required  aliquot  is  removed,  the 
sample  is  returned  to  the  Sample  Control  Center  and  return  is 
noted  in  the  sample  checkout  log. 

The  sample  is  returned  to  the  designated  storage  location. 

When  requested,  addition  chain-of-custody  documentation  can  be 
provided  using  a  SAM-generated  document  (Figure  2-6) .  This 
document  can  be  retained  by  sample  control  to  provide  a  more 
easily  retrievable  record  of  sample  custody  within  the  analytical 
laboratory. 

The  sample  is  stored  until  the  assigned  time  or  written  permission 
is  given  to  either  properly  dispose  of  or  return  the  sample  to 
the  client. 


Figure  2-5.  Sample  Checkout  Log 


Analytical  Serv  CHAIN  Iff  CUSTODY  LAB  ft  83-02-A6 

02/26/83  DUE:  03/19/83  04/21/83  09:56:49  KEEP:  05/09/83 


*  All  documentation,  including  shipping  documents,  field  sampling 
documents,  computer-generated  log  sheets,  chain-of-custody 
forms,  laboratory  data  sheets,  final  computer  reports,  and  other 
documents,  are  maintained  in  the  sample  control  area.  All 
reports  are  kept  in  locked  filing  cabinets.  As  with  the  sample 
storage  area,  the  document  storage  area  is  limited-access. 

All  storage  areas  are  within  the  Sample  Control  Center  and  are 
locked  when  not  in  use.  Access  to  the  storage  area  is  limited  to  sample  control 
personnel  or  other  RAS  employees  accompanied  by  sample  control  personnel.  There 
are  four  storage  locations  that  are  used  depending  on  the  sample  and  the  required 
analyses.  They  are: 


•  ambient  storage  for  samples  that  do  not  require  refrigeration, 

•  4°C  storage  for  most  samples  requiring  water  quality  analysis 
and  extractable  organics, 

•  4°C  storage  for  samples  requiring  volatile  organic  analysis,  and 

•  -20°C  storage  for  extracts  and  samples  that  require  freezing. 

A  temperature  log  is  maintained  to  monitor  the  cold  storage  facilities. 

2.4  Laboratory  Facilities  and  Equipment 

A  clean  well-lighted,  and  well  maintained  laboratory  is  essential 
for  accurate  analytical  results.  Each  laboratory  is  well-lighted,  air 
conditioned  and  equipped  with  chemical  fume  hoods.  Instrumentation  that  may 
emit  noxious  odors  is  vented  externally. 


Each  laboratory  QC  program  Includes  detailed  requirements  for 
equipment  and  supplies.  Reagents,  solvents,  and  standards  with  specific 
levels  of  purity  are  used  as  specified  by  the  analytical  protocol.  Specific 
GC  column  materials,  glassware  and  sample  handling  equipment  are  also  specified 
The  quality  control  procedures  for  equipment  and  supplies  generally  include 
Che  following  items: 

•  operator  checklists  for  required  supplies, 

•  documentation  and  reporting  of  all  deviations  from  specified 
instrument  performance, 

•  procedures  for  testing  for  purity  of  reagents, 

•  tolerances  for  calibrated  glassware  where  applicable, 

•  monitoring  of  refrigerated  storage  space, 

•  maintenance  logbooks, 

•  service  contracts  on  analytical  instrumentation. 

Quality  control  procedures  during  sample  preparation  include  the 
preparation  of  reagent  or  solvent  blanks.  Additional  quality  control 
techniques  implemented  in  sample  preparation  include: 

•  deionized  water  piped  into  all  laboratories,  monitored  daily, 

•  purchasing  high  purity  distilled-in-glass  solvents  in  large 
quantities  from  a  single  lot. 


use  of  Ultrex  acids  in  trace  metal  digestion 


»  cleaning  of  organic  glassware  with  chromic  acid  or  firing  in 
a  kiln  at  450°C, 

1  cleaning  of  trace  metal  glassware  with  nitric  acid, 

1  use  of  organic-free  water  prepared  at  Radian  by  distillation 
over  alkaline  permanganate  under  nitrogen  atomsphere  in  all¬ 
glass  still, 

•  use  of  volatile-free  water  prepared  by  purging  organic-free 
water  with  nitrogen, 

i  sample  preparation  performed  by  experienced  technical  personnel 
under  the  supervision  of  senior  level  analysts. 

2.5  Quality  Control  for  Standards  and  Calibration 

The  quality  of  all  test  results  is  greatly  impacted  by  the  cali¬ 
bration  procedures  used.  Calibration  procedures  and  standards  should  be 
specified  for  all  equipment  and  supplies  used  in  the  test  procedure. 
Traceability  to  common  standards  is  essential  for  test  procedures  to  be  used 
in  multiple  laboratories.  Quality  control  procedures  for  standards  and 
calibrations  include  the  following  considerations: 

•  written,  detailed  calibration  instructions, 

•  preparation  procedures  for  secondary  standards,  when  applicable 

•  requirements  for  frequency  of  calibration, 


recordkeeping  of  all  calibrations  and  standards  used, 


quality  control  charts  for  recording  results  from  multiple 
calibrations. 


*  evaluation  of  internal  standards,  and 

*  tolerances  for  calibration  requirements. 

All  calibration  standards  are  prepared  from  NBS-traceable,  EPA  certified, 
or  primary  standard  materials.  Daily  logs  are  maintained  to  monitor  instru¬ 
ment  response  to  a  given  standard. 

Quality  Control  Test  Samples 

Routine  quality  ccntrol  samples  to  be  analyzed  concurrently  with 
client  samples  are  a  significant  portion  of  the  RAS  laboratory  quality  con¬ 
trol  programs.  The  purpose  of  these  checks  is  twofold:  1)  to  assure  that 
samples  being  analyzed  satisfy  predetermined  standards  of  accuracy,  and  2) 
to  measure  and  document  achieved  levels  of  accuracy  and  precision. 

There  are  many  different  types  of  quality  control  samples  which 
could  be  used  for  these  purposes.  The  correct  combination  of  these  will 
depend  on  the  complexity  of  the  test  method  and  the  desired  degree  of 
accuracy.  The  following  quality  control  parameters  are  general  considera¬ 
tions  for  Radian's  quality  control  for  test  methods. 

Interferences 


The  analytical  results  of  a  test  method  might  be  affected  by 
interferences  from  the  glassware,  solvents,  reagents,  or  the  sample  matrix. 
Blank  samples  which  are  subjected  to  conditions  similar  to  samples  being 
analyzed  are  used  to  evaluate  the  purity  of  laboratory  reagents.  The  fre¬ 
quency  of  blank  analysis  is  method  dependent.  For  example,  a  laboratory  or 
field  blank  is  analyzed  after  each  GC/MS  volatile  organic  analysis  with  high 
levels  for  any  of  the  pollutants.  Ten  percent  of  the  samples  from  a 


given  sample  batch  are  spiked  with  a  known  standard.  Spike  recovery  data 
are  calculated  to  determine  matrix  interference. 


Precision 


The  precision  or  repeatability  of  a  test  method  is  required  for 
proper  interpretation  and  weighting  of  the  data.  Replicate  samples  or 
standards  are  used  to  determine  the  precision  on  a  regular  basis.  The 
precision  of  multiple  analyses  are  compared  against  predetermined  precision 
limits  to  determine  their  acceptability.  The  precision  is  usually  reported 
as  a  standard  deviation  or  repeatability  statistic  and  often  depends  on  the 
concentration  of  the  parameters  analyzed.  Replicate  analyses  are  defined 
as  separate  digestions  or  extractions  of  the  same  sample,  when  possible. 

The  percentage  difference  or  range  between  replicate  analyses  is  also  used 
to  monitor  precision. 

Reprod  uc ib il ity 

The  reproducibility  of  a  test  method  refers  to  the  repeatability 
over  a  period  of  time.  How  well  will  analytical  results  repeated  a  month 
later  agree  with  today's  results?  Reproducibility  can  be  measured  by  the 
repeated  analysis  of  samples  from  a  previous  time  period  or  by  analysis  by 
more  than  one  laboratory  or  laboratory  technician. 

Qualitative  Specificity 

In  the  analysis  of  complex  sample  matrices  containing  multiple 
components,  the  use  of  a  single  method  can  lead  to  misidentif ication  of 
compounds.  The  misidentif ication  can  be  detected  by  repeated  analysis  of 
standards  containing  the  compounds  of  interest  or  by  independent  analysis  by 
a  more  specific  method.  For  example,  mass  spectral  confirmation  can  be  used 
to  evaluate  misidentif ication  problems  in  the  GC  laboratory. 


Documentation  of  methods,  procedures,  and  results  is  an  essential 
aspect  of  a  QA/QC  program. 

Adequate  documentation  is  required  for  an  instrument  maintenance 
system.  RAS  laboratories  use  an  individual  logbook,  which  is  kept  at  each 
instrument,  to  record  all  calibration  and  maintenance  activities.  This 
logbook  gives  a  chronology  of  that  instrument's  installation,  operation, 
calibrations,  maintenance,  malfunction,  and  repairs.  An  accompanying  binder 
includes  all  pertinent  manufacturing  information,  service  manuals,  and 
similar  reference  materials. 

Directions  for  calibrations  and  maintenance,  along  with  appropriate 
forms  and  checklists,  are  maintained  in  a  manual  accompanying  the  logbook. 

The  directions  specify  the  required  frequency  for  calibrations  and  main¬ 
tenance,  the  tolerances  for  calibrations,  and  the  action  to  be  taken  when 
calibration  requirements  are  not  met. 

In  this  system,  there  is  a  single  source  for  reference  purposes  as 
well  as  record  keeping.  All  the  instrument  logbooks  are  reviewed  periodically 
by  the  quality  assurance  coordinator  and  laboratory  manager.  A  record  of  these 
logbook  checks  is  maintained  by  the  QA  coordinator. 

Work  sheets  have  been  developed  to. insure  consistent  laboratory 
data  entry  for  most  parameters  determined  in  the  laboratories.  These  sheets 
are  designed  to  organize  the  data  in  a  clear  and  logical  manner,  and  to 
simplify  calculations.  The  work  sheets  are  divided  into  various  sections 
including  a  section  for  reporting  calibration  standards  and  blank  values 
and  a  section  for  plotting  calibration  curves.  These  work  sheets  are  usually 
a  standard  data  entry  form  which  the  laboratory  technician  enters  in  his/her 
bound  lab  notebook.  When  automated  calibration  is  not  applicable,  electronic 
calculators  are  available  in  the  laboratories  to  generate  calibration  curves 
by  the  method  of  least  squates.  Thus  errors  in  reading  calibration  curves 
and  calculating  data  are  minimized.  After  an  analysis 


is  completed  and  a  data  sheet  filled  out,  the  laboratory  manager  checks  the 
data  for  completeness  and  approves  the  data  sheet.  After  the  data  have  been 
entered  into  the  SAM  system,  an  updated  data  sheet  is  issued  to  the  laboratory 
manager.  When  the  work  is  complete,  a  preliminary  report  is  printed  and 
distributed  to  the  contributing  laboratory  managers  for  the  final  data  check 
and  approval.  A  final  report  is  printed,  certified  by  the  laboratory  manager, 
and  forwarded  to  the  client. 


Proper  documentation  of  quality  assurance  and  quality  control 
activities  is  an  essential  requirement.  Documentation  is  needed  to  demonstrate 
that  quality  control  activities  were  completed  as  scheduled  and  to  communicate 
the  results  of  the  QC  tests  to  laboratory  managers  and  clients.  Documentation 
of  QA  results  is  required  to  provide  feedback  for  improvement  of  quality 
control  programs. 

Quality  control  documentation  should  be  timely  in  order  for  feed¬ 
back  to  occur.  Daily  reporting  to  laboratory  managers  is  mandatory.  Forms 
are  designed  to  organize  the  QC  data  in  a  clear  and  logical  manner,  and  to 
simplify  calculations.  Control  charts  are  another  excellent  tool  for  summarizing 
quality  control  test  results. 

As  part  of  Radian’s  QA  audit  program  weekly  reports  summarizing 
audit  results  in  the  laboratories  are  prepared  and  distributed  to  QC 
coordinators. 

3.0  Quality  Assurance  Audits 

The  quality  assurance  audit  program  of  the  RAS  laboratories  is 
conducted  by  the  RAS  QA  Coordinator  in  conjunction  with  the  corporate  QA 
Director.  The  program  consists  of  the  following: 

*  QA  standards  are  prepared  using  EPA  certified  standards,  NBS 
standards,  primary  standard  materials,  and  NBS-traceable 
compounds.  All  standards  preparations  are  recorded  in  the  QA 
Sample  logbook  (Figure  3-1). 


Standard  No.  QAS 


QA  type  _ 

Prep  date _  Prepared  by  _ Verified  bv 

Standard  source  _ 


Sample  matrix 
Parameters 


Preparation  method 


Final  vol 


Figure  3-1.  Standards  preparation  logbook 


•  An  Inventory  of  stock  standards  is  maintained  within  the 
limits  of  published  stability  data.  This  decreases  the  time 
required  for  daily  standard  preparation. 

•  Duplicate  samples  are  requested  from  clients.  These  are  blind 

to  the  laboratory  and  the  client  is  not  billed  for  the  duplicate  . 

•  Blind  QA  samples  are  submitted  through  the  Sample  Control 
Center  to  all  laboratories.  The  parameters  and  concentration 
levels  are  selected  by  the  RAS  Quality  Assurance  Coordinator. 

•  Laboratory  managers  submit,  via  a  "QA  Alert  Form"  (Figure 3-2  ). 
a  list  of  the  types  of  QA  samples  needed  the  following  week. 

This  insures  that  the  parameters  with  which  there  have  been 
problems  are  included  in  the  sample. 

•  Monthly  reports  are  issued  from  the  RAS  QA  Coordinator  (Fig.  3-3) 
These  are  submitted  to  the  corporate  QA  Director,  laboratory 
managers  and  Director  of  RAS.  Managers  are  notified  Immediately 
of  major  problems  with  the  results  of  analysis  of  a  QA  sample. 

•  The  results  of  the  program  are  summarized  on  a  quarterly  basis 
for  Radian's  management. 

In  addition  to  the  continuous  audit,  program,  provisions  for  third 
party  review  are  made  with  each  client's  work.  Radian  Analytical  Services 
welcomes  onsite  audits,  performance  samples,  and  independent  evaluations. 


ANALYTICAL  SERVICES 
MONTHLY  QA  REPORT 


QA  prep  report  for  the  month  of 


Certified 

Value 


Analyzed  % 

Value  Recovery 


Date 

Reported 


Order  No 


Lab  Parameter 


Data  Review  and  Validation 


All  analysis  results  are  entered  into  the  SAM  computer  system. 
Following  completion  of  the  analyses,  a  preliminary  report  is  printed  and 
returned  to  the  appropriate  laboratory  manager  for  review  and  validation.  A 
final  report  is  printed  after  the  certification  by  the  manager.  This  report 
is  signed  and  approved  by  the  laboratory  manager  before  being  forwarded  to 
the  client.  The  following  diagram  (Fig.  3-4)  illustrates  the  data  flow  for 
a  typical  sample  analysis. 

Upon  completion  of  the  analysis  and  before  the  final  data  are  issued 
the  results  of  the  QA  audit  samples  are  compared  to  the  certified  values. 

These  results  are  plotted  on  control  charts.  Separate  control  charts  are 
maintained  for  each  analysis.  If  results  are  outside  the  accepted  control 
limits,  the  analytical  results  are  held  until  the  problem  is  resolved. 

3.2  Control  Charts 

Quality  control  charts  are  maintained  for  both  accuracy  and  pre¬ 
cision.  Both  charts  are  structured  as  shown  in  Figure  3-5.  The  main  portions 
of  the  chart  are  the  center  line  and  the  two  control  limits.  The  center  line 
is  the  100%  or  total  recovery/total  agreement  of  analytical  results.  The 
upper  and  lower  control  limits  are  calculated  from  historical  data. 

Control  charts  for  accuracy  are  constructed  as  follows: 


Precent  recovery  of  standards  (P,,^)  ’ 


analyzed  value 
100  x  certified  value 


Percent  recovery  of  spikes  in  samples  (PsP): 


_  analyzed  value  -  background  value 

PSP  “  100  x  - - spike  - 


From  a  set  of  analyses,  the  average  percent  recovery  (P) : 


l  Pi 

i-1 


The  standard  deviation  for  percent  recovery  (SR): 


£  -)  /' 


The  upper  and  lower  control  limits  are  therefore 


UCL  -  P  +  3S  R 
LCL  -  P  -  3S  R 

An  analysis  is  out  of  control  when  either  of  the  two  conditions  apply: 

1)  Any  results  outside  the  control  limits 

2)  Seven  successive  results  on  the- same  side  of  the  control  line. 

Control  charts  for  precision  are  also  constructed.  Precision  is  a 
function  of  the  concentration  range  of  the  analyte.  The  closer  the  result 
is  to  the  analytical  detection  limit,  the  more  imprecise  the  data  become 
on  a  percentage  scale.  Figure  3-6  illustrates  the  relationship  between 
detection  limit  and  precision  for  a  typical  methodology.  Because  of  this 
concentration  dependence, . precision  control  charts  need  to  be  developed  for 
specific  concentration  ranges  for  each  analyte.  For  duplicate  samples  A  and  B 
the  ratio  of  the  values  of  A  and  B  are  plotted. 


vvv; 


3.3 


Concurrent  Review 


I 

Upon  review  of  analytical  results  of  QA  audit  samples,  the  QA 
Coordinator  will  schedule  a  meeting  with  the  laboratory  manager  if  there 
are  any  tests  out  of  control  or  which  are  deviant  from  an  expected  precision/ 
accuracy  norm.  The  purpose  of  this  meeting  is  to: 

•  review  raw  data  and  determine  if  there  is  an 
explanation  for  the  deviance. 

•  outline  analyses  of  quality  control  and/or  quality 
assurance  samples  to  further  define  the  problem 
and  its  solution. 

•  establish  a  schedule  for  monitoring  the  analysis 
after  a  solution  is  implemented,  to  assure  that  the 
problem  does  not  recur. 


Involvement  of  the  laboratory  manager  in  the  problem  assessment  and  solution 
is  essential  to  a  mutual  committment  to  a  quality  analytical  laboratory. 
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Compamy  Samplid/Adoress  f 
Sample  Point  Descriptiom  A la 

Stream  DMRACTfRisries: 

T  EMPERATURK  Alfa _ 

Visum.  QuMVAT/oM/Comcjm 


Collector's  Name  OrAiJct fg* 
Amount  or  Sample  Collected  / 
Sample  Description 
Store  at:  Q  Ambient 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No.  TSEd-oi 


luzftl  AfA 


Date/Time  Sampled 


Store  at:  Q  Amdient  Q  -10*C  U  Q  Other _ 

Q  Caution  *  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  or  sample 
Other  instructions  -  Special  Handling  -  Hazards  Vo** _ _ _ 


Q  Hazardous  sample  (see  belon) 

|^J|0N- HAZARDOUS  SAMPLE 

[]  Toxic 

Q  Skin  irritant 

□  Fuwuble  (P  40*0 

Q  Pyrophoric 

Q  Lachrymator 

r]  Smock  sensitive 

Q  Acidic 

Q  Biological 

Q  Carcinogenic  -  suspect 

□  Caustic 

(“I  Peroxide 

n  Radioactive 

FI  Other 

fild* 

Date  received 

\o'at\ 

o-vt 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Las  Sample  No. 

Comments 

Inclusive  Dates  or  Possession 

Organization  Name 

Received  iv 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  or  Possession 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/ Adoaess _ L 

Sample  Point  Dcscniption  _La 

Stream  Characteristics*. 
Temperature  fjjb 
Visual  Observations/ Comments 


iN*£k  APS 


Field  Sample  No. 


Collector  s  Name  L3nNC^r*t  _  Date/Time  Sampled 

Amount  of  Sample  Collected  /  JL  _ _ _ 

Sample  Description  frf  3  /?  *  ^//f 

Store  at:  Q  Ambient  Q  5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Hanolino  -  Hazards _ _ 


Q  Hazardous  sample  (see  belon) 

Nom-hazardous  sample 

Q  Toxic 

Q  Skin  irritant 

f]  Flammable  (FP  A0*C) 

Q  Pyrophoric 

[1  Lachrvmator 

Q  Shock  sensitive 

Q  Acidic 

Q  Biological 

fj  Carcinogenic  -  suspect 

fl  Caustic 

n  Peroxide 

n  Radioactive 

mmmsm 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  rv 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 


Company  Samp  led/ Address _ 

Sample  Point  Description  f_A 

Stream  Characteristics: 
Temperature  A//A 
Visual  Osservat i ons/ Comments 


Collector's  Name  (jroctAEH 
Amount  of  Sample  Collected  _ 
Sample  Description  Arflul  C 


CHAIN  OF  CUSTODY  RECORD 

AF  6 


Field  Sample  No.  rsfn  -o  ? 


Date/T  ime  Sampled  * J 1  '(** 

.  3  p/uvL  (txu  CuX* 


n  ^-o 


Sample  Description  fceA.  Sg^CA^Z-V .  3  Ttf  ^ 

Store  at:  Q  Ambient  5*C "  -10*C  Q  Other  *  _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 

Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  belon) 

|7Non-hazardous  sample 

[]  Toxic 

_  -  f 

Q  Skin  irritant 

Q  Flammable  (FP  40*0 

Q  Pyrophoric 

Q  Lachrymator 

f]  Shock  sensitive 

Q  Acidic 

j“!  Biological 

Q  Carcinogenic  -  suspect 

Q  Caustic 

Q  Peroxide 

H  Radioactive 

Other 

rSSfs^sssi 


u ATE  RECEIVED 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Inclusive  Dates  of  Possession 


Comments 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No.  ~  O^b 


Company  Sampled/ Address  _ 
Sample  Point  Description 


APB 


Stream  Characteristics: 

Temperature  _ 

Visual  Observations/ Comments 


_  Flo*  MPt 


Date/Time  Sampled 


Tffl 


o  oKrf&M 


Collector's  Name 

Amount  op  Sample  Collected  _ 

Sample  Description 

Store  at:  Q  Ambient  ^  5*C  Q  -MFC  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  belon) 

Non-hazardous  sample 

Q  Toxic 

r 

Q  Skin  irritant 

F]  Flammable  (FP  A0*C) 

Q  Pyrophoric 

Q  Lachrymator 

r]  Shock  sensitive 

Q  Acidic 

l~!  Biological 

fj  Carcinogenic  -  suspect 

PI  Caustic 

H  Peroxide 

n  Radioactive 

Organization  Name 
Received  by 
Lab  Sample  N 


Ktp] 


_  uATE  RECEIVtu 


Comments 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Inclusive  Dates  op  Possession 


-7.1.1 

M 

r  ^  } 

L  1 

1 

CHAIN  OF  CUSTODY  RECORD 


'TSEb-^S 


Field  Sample  No. 


~77aJK£R 


Company  Samp  led/ Address  /  /AJf-Z.l\ 

Sample  Point  Description  Cr&JJTC-frO 

Stream  Character i sties: 

Temperature  ^/i _ _  I 

Visual  Omervations/Cowcnts 


pH  Wtr 


Date/Time  Sampled  _ 


s  SHOE 


Collector's  Name 
Amount  of  Sample  Collected 
Sample  Description 

Store  at:  Q  Ambient  fjQ  5*C  Q  -1Q*C  Q  Other _ _ 

» 

Q  Caution  -  No  more  sample  available  Q  Return  ail  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  below) 

Non-hazardous  sample 

n  Tox,c 

_  e  r 

P]  Skin  irritant 

Q  Flammadle  (FP  40*0 

Q  Pyrophoric 

Q  Lachrymator 

0  Smock  sensitive 

[]  Acidic 

|~!  Biological 

fj  Carcinogenic  -  suspect 

Q  Caustic 

Q  Peroxide 

H  Radioactive 

1  1  Other 

wsssmssa 


_  uATE  RECEIVtU 


Comments  _ 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  sy  _ 

Lad  Sample  No.  _ 


Inclusive  Dates  of  Possession 


Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/Address  _ 
Sample  Point  Description 


llAJlCt  AFB 

T'fo’RuTV+fty  "TP  £lM 


Stream  Characteristics: 
Temperature  //M- 
Visual  Observation^/ Comments 


Flow  <7*- 


Field  Sample  No 


das 


,TS€b-c>C 


pH  a fj 


Collector's  Name  ^ nMC^nrfrtr _  Date/Time  Sampled  _ 

Amount  of  Sample  Collected  (  _ _ 

Sample  Description  C4>iipC&rr^  of  4.  /2*  PlO 6", 

Store  at :  Q  Ambient  ^f5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Qj  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  below) 
Q  Toxic 
Q  Pyrophoric 
□  Acidic 
Q  Caustic 

Q  Other  _ 


Q  Skin  irritant 
Q  Lachrymator 
I-’  Biological 
Q  Peroxide 


Non-hazardous  sample 


□  Flammable  (FP  WC) 

Q  Shock  sensitive 
fj  Carcinogenic  -  suspect 
n  Radioactive 


Organization  Name 
Received  by  WW 
Lab  Sample  No>^__ 


_  Date  receivlj 


Comments  _ 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Comp/wy  Samp  led/ Address [t 

Sample  Point  Description 

Stream  Characteristics: 
Temperature  ^jA 
Visual  Observations/ Comments 


'iajuk  AF& 


Field  Sample  No.  rsep-o 


pH  A'/ 


Collector's  Name 
Amount  of  Sample  Collected 
Sample  Description 


Date/Time  Sampled  _ 


Store  at:  []  Ambient  5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  [j  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  belon) 

fin  Non-ha zardous  sample 

Q  Toxic 

f 

Q  Skin  irritant 

[]  FLAfHABLE  (FP  40*0 

Q  Pyrophoric 

[1  Lachrymator 

Q  Smock  sensitive 

Q  Acidic 

Q  Biological 

fj  Carcinogenic  -  suspect 

I-]  Caustic 

n  Peroxide 

n  Radioactive 

\~ I  Other 

_ i/ATE  RECEIVED 


Comments  _ 


Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by _ _ 

Lab  Sample  No.  _ 


Date  received 


Comments 


vs 

'U  u!s 


CHAIN  OF  CUSTODY  RECORD 


Company  Samp led/ Address  ( 

Sample  Point  Description  £43 

Stream  Characteristics: 
Temperature  L)jfr 
Visual  Observations/Cophents 


Collector's  Name  fa 
Amount  op  Sample  Colli 
Sample  Description  _ 
Store  at:  Q  Ambient 


Field  Sample  No. 


TSch  - Ot 


Date/Time  Sampled 


Store  at:  Q  Ambient  ^  5*C  Q  -10*C  Q  Other _ 

n  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


k-  fcr 


jaL 

rr,  k.  i. 


[j  Hazardous  sample  (see  belon) 


l^°N 


•HAZARDOUS  SAMPLE 


;  Q  Toxic 

Q  Skin  irritant 

□  Flammable  (FP  40*0 

1  / 

|  Q  Pyrophoric 

jH  Lachrymator 

p  Shock  sensitive 

t  i 

[]  Acidic 

p  Biological 

fj  Carcinogenic  -  suspect 

Q  Caustic 

Q  Other  _ 

Sample  Allocation  /  CHAIN  OF  POSSES 

Organization  Name  K f)P  _ ‘ 

Received  by 
Lab  Sample  No. 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Cates  of  Possession  _ 


Q  Peroxide 


H  Radioactive 


_ _ 


_  Date  received 


Comments  _ 


Comments 


Comments 


Date  received 


Date  received 


'-y 

=  £ 


G- 10 


CHAIN  OP  CUSTODY  RECORD 


Field  Sample  No.  TMb  -o9 


/>»«* . 


Company  Sampled/Address _ L 

Sample  Point  Description  l> 

Stream  Characteristics: 

Temperature  Ay  A _ 

Visual  Observations/ Comments 


Collector's  Name 

Amount  of  Sample  Collected  /  >/ 
Sample  Description 


Date/Time  Sampled 


Store  at:  Q  Ambient  jjg5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Pj  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  belon) 

jlQjNON-HAZARDOUS  SAMPLE 

Q  Toxic 

Q  Skin  irritant 

□  Flammable  (FP  40*0 

Q  Pyrophoric 

jn  Lachrymator 

F]  Shock  sensitive 

Q  Acidic 

j~!  Biological 

Q  Carcinogenic  -  suspect 

Q  Caustic 

fj  Peroxide 

PI  Radioactive 

PI  Other 

l— i 

Sample  Allocation  / 
Organization  Name  _ 

mSm 

/  o i  ail 

_ LATE  RECEIVE;) 

Comments  _ 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  to. 

Comments  . 

Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Company  Samp led/ Address  . 
Sample  Point  Description 


AE£ 

ISf 


Field  Sample  No. 


73£D  -/£ 


Stream  Characteristics: 

Temperature  _  Flow  <**1* _  pH  _ 

Visual  Observations/Comwnts  4> '  'B&>(Z.d<x^-  oi>or.  jrer  fUm- 


Collector's  Name  C-TaJc**.* _  _  Date/Time  Sampled  C(nfeJ  12M 

Amount  of  Sample  Collected  /  ^ _ __ _ 

Sample  Description 

Store  at:  Q  Ambient  jj^5*C  Q  -10*C  p  Other _ 

P  Caution  -  No  more  sample  available  p  Return  all  portions  p  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ _ 


p|  Hazardous  sample  (see  belom) 

p  Toxic 
Q  Pyrophoric 
p  Acidic 
P  Caustic 

p  Other  _ 


Organization  Name 
Received  by  _ 

Lab  Sample  (to. 


Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by _  Date  received 

Lab  Sample  No.  _  Comments  _ 


Inclusive  Cates  of  Possession 


_  Date  received 

Comments  _ 


P 

P  Skin  irritant 
FI  Lachrymator 

I— l 

I P  Biological 
p  Peroxide 


Non-hazardous  sample 


p  Flammable  (FP  40*0 
P  Shock  sensitive 
p  Carcinogenic  -  suspect 
,-]  Radioactive 


G-12 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No. 


~s£h  -  u 


Company  Sampled/Address  _ 
Sample  Point  Description 

Stream  Characteristics: 
Temperature 

Visual  Ouervations/lomme 


ItutfR  AF& 


pH 


Collector's  Name  ^  w - 1  X. _  Dateline  Sampled  t/W/Y  r  {(J«ro 

Amount  op  Sample  Collected  /  Jc _  .  ... _ _ 

Sampu  Description  *fiuuk  <3j/1mGuT 

Store  at:  0  Awiejit  5*C  0  -10*C  0  Other _ 

0  Caution  -  No  more  sample  available  Q  Return  all  portions  0  Return  unused  portion  of  sample 


□  -10*C  g  Other 


Other  instructions  -  Special  Handling  -  Hazards 


0  Hazardous  sample  (see  belon) 

0  Toxic 
Q  Pyrophoric 
0  Acidic 
0  Caustic 

0  Other  _ 

Sample  Allocation  /  Chain  of  Posses; 

Organization  Name  Kn  5 _ 

Received  by  _ QjJLLM 

La.  Sample  No.  VftW*jQ-C£ 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sampu  No.  _ 

Inclusive  Cates  of  Possession  _ 


$«• 

0  Skin  irritant 

Q  Lachrymator 

0  Biological 

Q  Peroxide 


Non-hazardous  sample 


0  Flammable  (FP  40*0 
0  Smock  sensitive 
0  Carcinogenic  -  suspect 
0  Radioactive 


_  Date  received 


Comments  _ 


Date  received 


Comments 


Date  received 


Comments 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No 


Company  Sampled/Address  (  /rfo _ 

Sample  Point  Description  (jC&A _ _ _ 

Stream  Characteristics:  , 

Temperature  /dk _  Flow  y/  ^  _ j  pH _ -4 

Visual  OBaERVATionA/CnmgMTB /Zbuiu/  foyrflnrVi. _ l  lbl7  <* 


Collector's  Name  - _  Date/Time  Sampled  _ 

Amount  op  Sample  Collected  /  Jr  _ 

Sample  Description  (CeJ  _ _ 

Store  at:  [~fl  Ahuemt  ^5*C  Q  -10*C  Q  Other _ 

Q  Cautiom  -  No  more  sampu  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 

Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sampu  (see  belom) 

Non- hazardous  sample 

Q  Toxic 

Q  Skin  irr'itant 

F]  Flammable  (FP  N0*C) 

Q  Pyrophoric 

•  Q  Lachrymator 

Q  Shock  sensitive 

[]  Acidic 

f“!  Biological 

fj  Carcinogenic  -  suspect 

fl  Caustic 

n  Peroxide 

n  Radioactive 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 


Organization  Name 

Received  by  _ 

Lab  Sampu  No.  _ 


Comments 


Date  received 


.1.  . 

n 

r  " 

Company  Samp led/ Address Li 

Sample  Point  Description 

Stream  Characteristics: 

Temperature  4y4 • _ 

Visual  Osservations/Comments 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No.  7S£T>- 13 


Collector's  Name  l-^**** 
Amount  op  Sample  Collected 

Sample  Description _ 

Store  at:  Q  Amsient  £ 


Date/Time  Sampled  _ 


Store  at:  Q  Amsient  gj  5*C  Q  -1Q‘C  Q  Other _ 

n  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  op  sample 
Other  instructions  -  Special  Handling  -  Hazards _ _ — — 


Q  Hazardous  sample  (see  belom) 

Non- HAZARDOUS  SAMPLE 

Q  Toxic 

Q  Skin  irritant 

Q  Flammable  (FP  40*0 

Q  Pyrophoric 

Q  Lachrymator 

Q  Shock  sensitive 

Q  Acidic 

~ !  B I OLOG I CAL 

fj  Carcinogenic  -  suspect 

PI  Caustic 

I-!  Peroxide 

r~|  Radioactive 

I l  1 l  — » 

l~I  Other _ _ _ _ _ _ — - - 

Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by _ _ 

Lab  Sample  No.  _ 


Inclusive  Dates  of  Possession 


Comments 


Comments 


Date  received 


Date  received 


G-15 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/Address  (v 
Sample  Point  Description  dt 

Stream  Characteristics: 

Temperature  t^A _ 

Visual  Observations!/ Comments 


Field  Sample  No. 


-q 


Collector's  Name 
Amount  op  Sample  Col 
Sample  Description  _ 


1  W 

SAMPLE  I 


Date/Time  Sampled 


Store  at:  Q  Ambient  |GJ5*C  l^H  -10*C  []  Other 


Q  Caution  -  No  more  samAe  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards _ _ 


jj  Hazardous  sample  (see  belom) 
[]  Toxic 
Q  Pyrophoric 
Q  Acidic 
jj  Caustic 


\ptoH 
Q  Skin  irritant 
[j  Lachrymator 
l~!  Biological 
Q  Peroxide 


-hazardous  sample 


r]  Flammable  (FP  40*0 
Shock  sensitive 
Q  Carcinogenic  -  suspect 
n  Radioactive 


m 


_  DATE  RECEIVED 


Comments  _ 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 


[]  Hazardous  sample  (see  below) 

QToxic 
Q  Pyrophoric 
[]  Acidic 
Q  Caustic 

Q  Other _ _ 


■  1 J  ■  f  <>'  ■»]  M  zfrfrf  I>1J 


Organization  Name 
Received  by 
Lab  Sample  No. 


Inclusive  Dates  of  Possession  _ 


Organization  Name 
Received  by  ... 

Lab  Sample  No.  _ 


^T)  Non- hazardous  sample 

Q  Skin  irritant  H|  Flammable  (FP  A0*C) 

Q  Lachrymator  Q  Smock  sensitive 

Q  Biological  Q  Carcinogenic  -  suspect 

Q  Peroxide  ,"1  Radioactive 


Date  received 


Comments 


Inclusive  Oates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/Address _ L 

Sample  Point  Description  S 

Stream  Characteristics: 
Temperature 

Visual  Omervat t ons/ Comments 


Field  Sample  No. 


Collector  s  Name  LjcmM 
Amount  of  Sample  Collected 
Sample  Description 
Store  at:  [“I  Ambient  fi 


Date/Time  Sampled  _ 


Store  at:  Q  Ambient  jg)5*C  Q  -1Q*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  H  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


[]]  Hazardous  sample  (see  below) 

0mNON-HAZARDOUS  SAMPLE 

[]  Toxic 

\ 

Q  Skin  irritant 

n  Flammable  (FP  40*0 

Q  Pyrophoric 

Q  Lachrymator 

Q  Shock  sensitive 

[]  Acidic 

|~!  Biological 

fj  Carcinogenic  -  suspect 

fl  Caustic 

n  Peroxide 

n  Radioactive 

1  [  Other 

M M 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  bv _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Organization  Name 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No. 


Company  Sampled/ Address _ (C 

Sample  Point  Description  /■ 

Stream  Characteristics: 

Temperature  At I A _ 

Visual  Observations/ Comments 

Collector's  Name 

Amount  op  Sample  Collected  _ 

Sample  Description 


Date/T ime  Sampled 


Store  at:  Q  Ambient  jJ^5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 


Other  instructions  -  Special  Handling  -  Hazards 


Q  Hazardous  sample  (see  below) 

□  Toxic 
Q  Pyrophoric 
Q  Acidic 
Q  Caustic 

[j  Other  _ 

Sample  Allocation  /  Chain  of  Pqs 
Organization  Name  K/ 

Received  by _ 

Lab  Sample  No.  tyiCbffG  I 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Dates  of  Possession  _ 


f 

Q  Skin  irritai 
jH  Lachrymator 
I-!  Biological 
Q  Peroxide 


Non-hazardous  sample 


□  Flammable  (FP  40*0 
r]  Shock  sensitive  • 
fj  Carcinogenic  -  suspect 
n  Radioactive 


_  Date  received 


Comments  _ 


Date  received 


Comments 


Date  received 


Comments 


.\V,v. •  - 


S  S 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No.  'neb  /z 


Company  Sampled/Address _ | 

Sampu  Point  Description _ , 

Stream  Characteristics:/ 

Temperature _ 

Visual  Observations/ Comments 


Collector's  Name 

Amount  of  Sample  Collected  _ 

Sample  Description 


Date/Time  Sampled 


Store  at:  Q  Amrient  5*C  Q  -10*C  Q  Other 


J05’C 

LE  AVA 


Q  Caution  -  No  more  sample  availaile  Q  Return  all  portions  Q  Return  unused  portion  of  sample 


Other  instructions  -  Special  Handling  -  Hazards 


[]  Hazardous  sample  (see  belom) 

Q  Toxic 
Q  Pyrophoric 
Q  Acidic 
Q  Caustic 

[j  Other  _ 


0)« 

Q  Skin  iri(itan 
Q  Lachrymator- 
~ !  Biological 
Q  Peroxide 


Non-hazardous  sample 


□  Flammable  (FP  40*0 
Q  Smock  sensitive 
Q  Carcinogenic  -  suspect 
,1  Radioactive 


Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Date  received 


Comments 


Organization  Name 

Received  by  _ 

Lab  Sampu  No.  _ 


Comments 


Date  received 


jI* 


CHAIN  OF  CUSTODY  RECORD 


^ _  Field  Sample  No. 

Company  Samp led/ Address  LmM£,  Afz& _ 

Sample  Point  Description  - 

Stream  Characteristics!  . 

Temperature _ Flow  /VjA~ _  pH  jUjA 

Visual  nMERVATtmu/CnmEirrs  Mu/tt  rbA>A _ SffoffM _ q£- _ L\€t(? 


Collector's  Name  nr*  tAfc  Date/T ime  Sampled  UsJlQ 

Amount  of  Sample  Collected  / . Jr _ 

Sample  Description  iVJU^A _ 

Store  at:  Q  Ambient  |^5*C  Q -10*C  Q  Other _ 

fj  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 

Other  instructions  -  Special  Handling  -  Hazards  _ 


0  Hazardous  sample  (see  belom) 

|WNon-hazardous  sample 

[]  Toxic 

□  Skin  irritant 

[]  Flammable  (FP  40*0 

[J  Pyrophoric 

Q  Lachrymator 

Q  Shock  sensitive 

Q  Acidic 

~ !  Biological 

fj  Carcinogenic  -  suspect 

Q  Caustic 

i  t  Other 

Q  Peroxide 

fl  Radioactive 

_ _ DATE  HECEIVtJ 

Comments  _ 


Inclusive  Dates  of  Possession 

Organ t tati on  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Inclusive  Cates  of  Possession 


Collector's  Name  L^rAtJ, 
Amount  of  Sample  Collected 
Sample  Description 


ED  -/  jL 

zhumeuT 


Store  at:  Q  Ambient  ^5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  R  Return  unused  portion  of  sample 
Other  instructions  -  Special  Hanolinq  -  Hazards  _ 


Q  Hazardous  sample  (see  belom) 

I^TNon-hazardous  sample 

Q  Toxic 

Q  Skin  irritant 

Q  Flammable  (FP  40*0 

Q  Pyrophoric 

Q  Lachrymator 

Q  SnOCk  SENSITIVE 

□  Acidic 

p  Biological 

g  Carcinogenic  -  suspect 

fl  Caustic 

fl  Peroxide 

P  Radioactive 

Organization  Name 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


uA  1 1.  RtCE I VtJ 


imi 


Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Inclusive  Dates  of  Possession 


Comments 


Date  received 


Company  Sampled/ Address  . 
Sample  Point  Description 


Stream  Characteristics: 
Temperature 

Visual  Observations/Comments 


CHAIN  OF  CUSTODY  RECORD 


'6*— 


Flow  *1* 

LAAJbFHu- 


Field  Sample  No.  -r%eb3-i 


m _ (JL 


Collector's  Name 
Amount  of  Sample  Collected 
Sample  Description 


Date/Time  Sampled 


Sample  Description  _ _ _ 

Store  at:  []  Amnient  ^f5*C  Q  -10#C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 


Other  instructions  -  Special  Handling  -  Hazards 


Q  Hazardous  sample  (see  belon) 

Q  Toxic 
Q  Pyrophoric 
Q  Acidic 
[j  Caustic 

r]  Other  _ 

Sample  Allocation  /  Chain  of  Pos 
Organization  Name  K f)? 

Received  by _ QSMl^A 

Lab  Sample  No.  _  QH’&a ^Old 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No. _ 

Inclusive  Dates  of  Possession  _ 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 

Inclusive  Dates  of  Possession  _ 


l^°N 

Q  Skin  irritant 
Q  Lachrymator 
f~!  Biological 
i~I  Peroxide 


hazardous  sample 


f]  Flammable  (FP  R0*C)- 
Q  Shock  sensitive 
fj  Carcinogenic  -  suspect 
n  Radioactive 


_  Date  receive 


Comments  _ 


Date  received 


Comments 


Date  received 


Comments 
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CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/ Address  - 

Sample  Point  Description  CJ 


Field  Sample  No 


.  -TsCb  -xx 


Stream  Characteristics: 
Temperature 


iRISTICS: 

jj(£. 


Flow 


Visual  Observations/Comments 


d±_ 

AM 


pH 


x//f 


Collector's  Name  .  GkAcM.£ 
Amount  of  Sample  Collected  /  Q 


Date/Tine  Sampled 


L t/uj %</  Q°)oO 


Sample  Description 


Store  at:  Q  Ambient  j^S'C  Q -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards _ _ _ _ _ _ _ _ 


[j  Hazardous  sample  (see  belom) 

Q  Toxic 
Q  Pyrophoric 
Q  Acidic 
Q  Caustic 

r]  Other  _ 


ft*  N-HAZARDOUS  SAMPLE 


Q  Skin  irritant 
jH  Lachrymator 
\~ Biological 
Q  Peroxide 


F]  Flammable  (FP  40*0 
Q  Shock  sensitive 
fj  Carcinogenic  -  suspect 
H  Radioactive 


Sample  Allocaupn  /  Chain_af  Possession: 

Organization  Name _ Kny  ~ . _ 

Received  by _  ‘y&VU-*' 

Lab  Sample  No. 


'03  _ Comments 


Jate  received 


EMU 


Inclusive  Dates  of  Possession 


Organization  Name 

Received  by  _ 

Lab  Sample  No.  _ 


Date  received 


Comments 


Inclusive  Dates  of  Possession 


Organization  Name 

Received  by  _ 

Lab  Sample  No.  _ 


Date  received 


Comments 


Inclusive  Cates  of  Possession 
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F- 
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CONFIRHATION/OUANTIFICATION  STA.  .  <U>  RADIAN  CORP  AUSTIN 
TX  R  N  BAUER  ET  AL.  OCT  83  RAD-85-212-B27-21-A2-V0L-2 
UNCLASSIFIED  F23615-82-D-4881  F/G  ±2/2 


1/t 
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h 


r*  ►  *, 

f*  ,f. 
.*■  L> 


Company  Sampled/Adorcss _ 

Sample  Point  Description _ j 

Stream  Characteristics: 
Temperature  ij/i I- 

Visual  Observations/ Comments 


Collector's  Name 
Amount  op  Sample  Collected 
Sample  Description 


CHAIN  OF  CUSTODY  RECORD 

t 


Field  Sample  No. 


f%7 5 


fei/oc. _ 


Date/T inc  Sampled  V^. 


Store  at:  (j  Ambient  5*C  Q  -10*C  Q  Other  - _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  op  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ 


[]  Hazardous  sample  (see  below) 

[]  Toxic 
Q  Pyrophoric 
Q  Acidic 
Q  Caustic 

Q  Other  _ 

'sampi  e  AiirvATtnu  /  C  ma  t  m  nr  Pncccccrnu* 


jXJHON- 

□  Skin  irritant 
Q  Lachrymator 
Q  Biological 
P]  Peroxide 


hazardous  sample 


[]  Flamnabu  <P  A0*C) 

□  Smock  sensitive 

fj  Carcinogenic  -  suspect 

□  Radioactive 


Organization  Name _ | 

Received  by  'y 

K 

Lab  Sample  No.  _ i 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  Ho. 

Comments 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 


Field  Sample  No.  f  >^D  "2 


Company  Sampled/Aooneu 
Sample  Point  Discxiption 

Stream  Characteristics: 

Temperature _ 

Visual  Osservat i one/ Comments 


HEW 


Collector's  Name  _  Date/Time  Sampled  . 

Amount  op  Sampu  Collected  /  1 _ 

Sample  Description  M.£ _ _ _ 

Store  at:  Q  Ambient  5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  Ifo  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  of  sample 

Other  instructions  -  Special  Handling  -  Hazards _ _ 


Q  Hazardous  sample  (see  klon) 

Hon-hazardous  sample 

[]  Toxic 

Q  Skin  irritant 

[]  Flammable  CP  N0*C) 

Q  Pyrophoric 

[J  Uchrymator 

P]  Shock  sensitive 

Q  Acidic 

H  Biological 

Pj  Carcinogenic  -  suspect 

Q  Caustic 

Q  Peroxide 

n  Radioactive 

PI  Other 

Organization  Name 
Received  by  _ 

Us  Sample  No. 


sjsnsasa 


_ Date  receive 

Comments  _ 


Inclusive  Dates  op  Possession 

Organization  Name 

Received  by 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 

N*  v„v 

Organization  Name 

V  ,  «k.V 
*  »  -  • 

Received  by 

Date  received 

.  *■  -  s 

Lab  Sample  No. 

Comments 

a  C 

*.v*  • 

Inclusive  Dates  op  Possession 

* 
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serb  ‘35 


Collector's  Nam  KZTAMCt ***  _  Date/Tim  Samples  . 

Amount  or  Sample  Collected  /  _ 

Sample  Description  SajT~ _ 

Store  at:  Q  Amient  [J05*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  op  sample 

Other  instructions  -  Special  Hamlins  -  Hazards  . . 
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[J  Hazardous  sample  (su  below) 

Q  Toxic 
Q  Pyrophoric 
[]  Acidic 
n  Caustic 


i^Ho 

Q  Skin  irritant 
Q  Lacmrymator 
Q  Biological 
PI  Peroxide 


Non-hazardous  sample 


□  Flammable  (FP  40*0 

jT]  ShOCK  SENSITIVE 

fj  Carcinogenic  -  suspect 
n  Radioactive 


Inclusive  Dates  op  Possession 

Organization  Nam 

Received  sv 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Cates  op  Possession 


Field  Sample  No.  ^_L>£P  £ 


Company  Sampled/ Address _ 

Sample  Point  Description  /?/« 

Stream  Characteristics: 

Temperature  * _ 

Visual  Observations/ Comment* 


-4 


Aa/6#€  fc- 


Date/Time  Samples 


Collector's  Name _  ^ 

Amount  op  Sample  Collectes  f  / _ 

Sample  Description  MguT _ 

Store  at:  Q  Ameient  [Jjj5*C  Q  -10*C  Q  Other _ 

[]  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return 

Other  instructions  -  Special  Handling  -  Hazards  _ 


unused  portion  op  sample 


f]  Hazardous  sample  (see  hum) 

|^Non-hazardous  sample 

Q  Toxic 

Q  Skin  irritant 

Q  Flammable  (FP  40*0 

n  Pyrophoric 

Q  Lachrymator 

□  Smock  sensitive 

Q  Acidic 

P  Biological 

fj  Carcinogenic  *  suspect 

Q  Caustic 

Q  Peroxide 

n  Radioactive 

n  °™eR 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No. 


Inclusive  Dates  op  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Date  received 

^ _ 

Comments 

Date  received 


Comments 


Inclusive  Dates  of  Possession  _ 
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Organization  Name 

*  w 
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v$> 
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£ 

Receives  bv 

Date  received 
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fe* 

Lab  Sample  No. 

Comments 
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S3 

Organization  Name 

E 

Lab  Sample  No. 
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CHAIN  OF  CUSTODY  RECORD 
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CtfUL/tA/J  <5 


Field  Sample  No.  ^ 


Company  Samples/ Address _ J 

Sample  Point  Description _ £ 

Stream  Characteristics: 

Temperature  M  ft _ 

Visual  Omirvat i ons/Comments 


Collector's  Name  {^MAJCrnKJz: _  Date/Time  Sampled  _ 

Amount  op  Sample  Collected  _ 

Sample  Description  _ 

Store  at:  Q  Amient  p2|5*C  Q  -10*C  □  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return 

Other  instructions  -  Special  Handling  -  Hazards  _ 


Q  Hazardous  sample  (see  belom) 

Q  Toxic 
Q  Pyrophoric 
Q  Acidic 
fl  Caustic 


unused  portion  op  sample 


m 

KnrfljH 


Inclusive  Dates  op  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Date  received 


Comments 


Inclusive  Dates  op  Possession 

Organization  Name 

Received  rv 

_  Date  received 

Lai  Sample  No. 

Comments 

Inclusive  Cates  op  Possession 


%  •.  / 

Non-hazardous  sample 

l\wV;V 

r>.>. 

Q  Skin  irritant 

r]  Flammable  (P  R0*C) 

r.  *\  •*. 

Q  Lachrvmator 

Q  Smock  sensitive 

0 

Q  Biological 

□  Carcinogenic  -  suspect 

m 

Q  Peroxide 

H  Radioactive 

M 

CHAIN  OF  CUSTODY  RECORD 


Fieuj  Sample  No. 


Company  Samples/ Aooaem _ j 

Sample  Point  Description  _4 

Stream  Omracteristtcs: 

Temperature  A/j/i _ 

Visual  Observat i ons/ Comments 


\q\U-,  Id '  t 


Collector's  Name  c yAwLm  g  Date/Time  Sampled 

Amount  op  Sample  Collected  /  Jc _ _ 

Sample  Description  S'C'b!  m£a!T _ 

Store  at:  Q  Ambient  ^  5*C  Q  -10*C  Q  Other _ 

Q  Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return 

Other  instructions  -  Special  Hanolins  -  Hazards  _ 


m 


UNUSED  PORTION  OF  SAMPLE 


Q  Hazardous  sample  (see  below) 

^Ron-hazardous  sample 

Q  Toxic 

Q  Skin  irmtant 

Q  Flammable  (FP  40*0 

Q  Pyrophoric 

Lachrymator 

Q  Shock  sensitive 

Q  Acidic 

jH  Biological 

r]  Carcinogenic  -  suspect 

Q  Caustic 

fl  Peroxide 

n  Radioactive 

HI  Other 

Comments 


uATE  iRECEIVkU 


Inclusive  Dates  op  Possession 

Organization  Name 

Received  by 

_  Date  received 

Las  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 

Organization  Name 

Received  rv 

_  Date  received 

Lai  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 


CHAIN  OF  CUSTODY  RECORD 

tKfR  Af-6  OOAibiUb 

D*f  L}£LLS  7  (.6- 


Floid Siwoto No. 7^  4P 


Temperature _ ^ 

Visual  Obsorvattona/Commonla . 


Collector's  Nam# 

Amount  of  Ssmpls  CoMactad _ 


W.KMKIImIHFL 


Stomal:  □  Ambiont  ^B5'C  □ -10*C  □  Other _ 

&  Caution  •  No  mow  aampla  available  □  Rotum  unusad  portion  ol  aampla  □  Discard  unusod  portions 
Other  Instructions  ■ 


Spodal  Handling  •  Hosarda . 


U  Hazardous  aampla  (see  balow) 

U  Toxic 
U  Pyrophoric 

□  Acidic 
U  Caustic 

□  Other _ 

Sample  Allocation /Chain  of  Possession: 
Organization  Name  RA*? 

Received  By _ tUjXMA 

Transported  By - UJtUL 

Comments _ 

inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 


U  Skin  irritant 
U  Lachrymator 
U  Biologic  si 
□  Peroxide 


pNon-hazardous  sample 


□  Flammable  <FP<  40*C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Date  Recelwed  7  "  1^ 
Lab  Sample  No.  fy\CT[CftD 


_ Date  Received . 

Lab  Sample  No _ 


_ Date  Received . 

Lab  Sample  No - 


\\.0Q 


Inclusive  Dates  of  Possession. 


CHAIN  OF  CUSTODY  RECORD 


r  <£t  AFl 


Field  Sample  No  J 


Temperature _ /vfn 

Visual  Observationa/Commenta . 


Flow 


Collector's  Nams  AJnv^j  '^i&ik/.  Data /Tima  Samptad 

Amount  oi  Sample  CoHyrtad  %  Vbk  / 3/f^ _ _ _ 

Sampia PaaeripHaw  Ut&f  t 

Store  at:  □  Ambiant  ^5‘C  □ -10#C  □  Othar _ 

^baution  -  No  more  aampla  available  □  Rstum  unuaad  portion  of  sampia  □  Discard  unusad  portions 
Othar  Instructions  •  Spsdai  Handling  •  Hazards _ 


u  Hazardous  sampia  (saa  baiow) 

U  Toxic 

□  Pyrophoric 
LJ  Acidic 

□  Caustic 

□  Othar _ 


□  Skin  irritant 
U  Lachrymator 
U  Biological 

□  Paroxida 


J/Hon 


•hazardous  sampia 


□  Flammable  (FP<  40°C) 

□  Shock  ssnsitiva 

□  Carcinogenic  -  suspect 

□  Radioactive 


Sampia  Allocation/Chain  of  Pa 
Organization  N«n» 

Rscaivsd  By  CpVjLiJdX 

Trsnsported  By 

Comments _ &t 

Inclusive  Dates  of  Possession . 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession . 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession . 


_ Date  Received  Lh. 

>  Sampia  No. _ 4i\Q~T.\H 


_ Data  Received . 

Lab  Sample  No _ 


_ Data  Received . 

Lab  Sampia  No - 


Time  li)  CC 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No.  Tsn>-3~o 


Company  Sampled/ 


Tamnarature  *1 " 

t 

tow  >7"  pH  dfn 

Visual  Observations /Comments  _ 

Collector's  Name  L-; 
Amount  of  Samplo  Col 
Sample  Doacrtptton  _ 
Store  at:  □  Ambient 


o-kd-i. 


□  Caution  •  No  mom 
Other  Instructions  •  S 


G&nwZtfr _ _ _ 

mt  $&*C  □  -10*C  □  Other _ 

e  sample  available  □  Return  unused  portion  of  sample  [ffiiscard  unused  portions 
Special  Handling  •  Hazards _ 


u  Hazardous  sample  (see  below) 

U  Toxic 

□  Pyrophoric 
u  Acidic 

U  Caustic 

□  Other _ 


I  Mon-hazardous  sample 


□  Skin  irritant 
U  Lachrymator 

□  WllllMlIoil 

■  '  wvvwvvwv 

□  Peroxide 


□  Flammable  (FP<  40*C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Sample  Allocation /Chain  of  Possession: 
Organization  Name  _  i/f5  — . 

Received  By - l&AMJA 

Transported  By  W  >j-A.  (^J 

Comments _ 

Inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Oates  of  Possession _ 


_ Date  Received . 

LahSampieMo. 


_ Date  Received . 

Lab  Sample  No _ 


_ Date  Received . 

Lab  Samplo  No - 


Time  tO  ^ 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No. 


Sample  Point  Deecrtption 


Date /Time  Sampled 


Collector'*  Nmm  V  L-rtit*  ...  - 

Amount  of  Sample  Collected  /  a. _ _ _ 

Sample  D— crtptlon  _ 

Storeat:  □  Ambient  [JS*C  □ -10*C  □  Other _ 

□  Caution  •  No  more  sample  available  □  Return  unused  portion  of  sample  j/3  Discard  unused  portions 
Other  Instructions  -  Special  Handling  •  Hazards _ 


U  Hazardous  sample  (see  below) 

U  Toxic 
L  Pyrophoric 
U  Acidic 
U  Caustic 

□  Other _ 


^LNon -hazardous  sample 


□  Skin  irritant 
U  Lachrymator 
u  Biological 

□  Peroxide 


□  Flammable  (FP<  40°C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Sample  Allocation/Chain  ol  Possession: 
Organization  Name  ft/o  .  - . 

Received  By _ i l$j\A/h%L 

Transported  By _ U 

Comments _ ; 

Inclusive  Dates  ot  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  ol  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Datee  of  Possession _ 


_ Date  Receh 

Lab  Sample  No _ 


_ Date  Received . 

Lab  Sample  No _ 


_ Date  Received . 

Lab  Sample  No - 


t&t  Tim.  tO-.OO 


CHAIN  OF  CUSTODY  RECORD 


Field  Sample  No 

Company  Sampled/ Addrssa  Jjnt£  &££ _ 

Sample  Point  PoacrtpUow  _ _ _ 

Stream  Ctiaracterlstlea: ,  r 

Temperature _ _ Flow  _ pH  _/ 

Visual  Observations /Comments  _ _ _ 


Collector's  Name  urnNt^y _ Date /Time  Sampled  7!  I  t  V _ 

Amount  of  Sample  Collected  /  _ _ _ 

Semple  Description  _ 

Store  at:  □  Ambient  ^5*C  □  -10*C  □  Other _ 

□  Caution  •  No  more  sample  available  □  Return  unused  portion  ol  sample  ^ftiscard  unused  portions 
Other  Instructions  •  Special  Handling  •  Hazarda _ 


2/ir 


U  Hazardous  sample  (see  below) 

U  Toxic 
U  Pyrophoric 
U  Acidic 
U  Caustic 

□  Other _ 


/Non -hazardous  sample 


□  Skin  irritant 
U  lachrymator 
U  Biological 

□  Peroxide 


□  Flammable  <FP<  40*C 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Semple  Allocation /Chalngf  Possession: 
Organization  Nam a  m) 

Received  By  CjOIMX  aAM/AcU/} 
Transported  By  ^ 'idsty 

Comments _  _ — - 

Inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ _ 

Inclusive  Dates  of  Possession _ 


_ Data  Received . 

Lab  Sample  No.  %‘f 


iO-OQ 


_ Date  Received . 

Lab  Sample  No - 


_ Date  Received . 

Lab  Sample  No _ 


Company  Sampled/Address 
Sample  Point  Description  /km 

Stream  Characteristics:. 
Temperature  _  tJ  * 
Visual  Observations/ Comments  L 


CHAIN  OF  CUSTODY  RECORD 


Ct>,  ^ 

Field  Sample  No.  7C  7 F.  3 A 


Ml* 


Collector's  Name  nt/yi^j 
Amount  of  Sample  Collected 
Sample  Description  4JdL 


Date/Time  Sampled 


7/3 /Zf 


Store  at:  Q  Ambient  ^  5*C  Q  -10*C  Q  Other _ _ 

^Caution  -  No  more  sample  available  Q  Return  all  portions  [R  Return  unused  portion  of  sample 
Other  instructions  -  Special  Handling  -  Hazards  _ _ 


Q  Hazardous  sample  (see  belom) 

pg  Non-hazardous  sample 

[j  Toxic 

Q  Skin  irritant 

Rj  Flammable  (FP  40*0 

Q  Pyrophoric 

[j  Lachrymator 

Q  Smock  sensitive 

(R  Acidic 

I-’  Biological 

fj  Carcinogenic  -  suspect 

Pi  Caustic 

R  Peroxide 

R1  Radioactive 

R  Other 

Inclusive  Dates  of  Possession 

Organization  Name 

Received  by 

Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 

Organization  Name  _ 

Received  by  _ 

Lab  Sample  No.  _ 


Comments 


Date  received 


Inclusive  Dates  of  Possession 


CHAIN  OF  CUSTODY  RECORD 


\,(At  ct>,  ^  ^ 


Field  Sample  No.. 


Stream  Characteristic*:  , 

Tamporatura _ jtjUL. 

Visual  Observations  /Comments  _ 


Collector's  Nama 
Amount  of  Sample  Col 
Sample  Description  _ 
Store  at:  □  Ambient 


VOiltSi 


PC  □ -10«C  □Other. 


t)  Caution -No  more  sample  available  □  Return  unused  portion  of  sample  □  Discard  unused  portions 
Othar  Instructions  -  Special  Handling  -  Hazards .  A^dA/t  - 


U  Hazardous  sample  (see  below) 

U  Toxic 

□  Pyrophoric 
Li  Acidic 

□  Caustic 

□  Other _ 

Sample  Allocation/Chain  of  Possession: 

Organization  Name _ Hfi2~ 

Received  By _ QlUll 

Transported  By _ U  -n  Lit  f 

Comments _ 4 _ 

Inclusive  Dates  oi  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Oates  ot  Possession _ 

Organization  Name _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  ol  Possession _ 


□  Skin  irritant 
U  Lachrymator 
U  Biological 

□  Peroxide 


■hazardous  sample 


□  Flammable  (FP<  40°C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


D«m  Received  _ 
Lab  Sample  No. 


_ Date  Received . 

Lab  Sample  No - 


_ Date  Received . 

Lab  Sample  No - 


CvVj 


r 


I 


[n 


Company  Sampled/ Address  -  V 
Sample  Point  Description 

Strom  Dmuctcristics: 
Temperature  & 

Visum.  Observations/ Comments 


Collector's  Name 
Amount  op  Sample  Colucteo 
Sample  Description 


J5AF 


Field  Sample  No. 


Date/Time  Sampled 


Store  at:  Q  Ambient  £J5*C  Q  -10*C  Q  Other _ 

^Caution  -  No  more  sample  available  Q  Return  all  portions  Q  Return  unused  portion  op  sample 
Other  instructions  -  Special  Hanolim  -  Hazards  Alhii€ _ _ _ 


Q  Hazardous  sample  (see  belon) 

gQlON-HAZARDOUS  SAMPLE 

[]  Toxic 

_  .  1 

Q  Skin  irritant 

□  Flammable  <FP  40*0 

Q  Pyrophoric 

Lachrymator 

□  Smock  sensitive 

[]  Acidic 

Q  Biological 

P[  Carcinogenic  -  suspect 

Q  Caustic 

Q  Peroxide 

H  Radioactive 

n  0the" 

Organization  Name 

Received  sy  _ 

Lab  Sample  No.  _ 


Inclusive  Dates  op  Possession 

Organization  Name 

Received  ev 

_  Date  received 

Las  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 

Organization  Name 

Received  «y 

_  Date  received 

Lab  Sample  No. 

Comments 

Inclusive  Dates  op  Possession 


CHAIN  OF  CUSTODY  RECORD 


Company  Samplsd/Addwss  F& - 6 

Sampla  Point  Description  — 'IF,  L  ^  - 


Hold Samolo No. 7 F.  6  D,  (ffG0 


Stroam  Characteristics: 
Tampacatura _ 


*4 


*//A 


-pH-^/i. 


Visual  Obaervatlona/Commonta . 


Collector's  Nama  a'Wv  c.reiJ' 


Amount  o*  Sampla  CoMoctod _ 

CMTt*  n*^»**r*<^"  (tltfA-  _ 

Store  at:  □  Amblant  &  5*C  □ -10*C  □  Other. 


7//t/»fJ  ijnJW 


uicai 

Oth#r 


Caution  •  No  mora  sampla  avaHaMa  □  Return  unused  portion  ol  sampla 
Instructions*  Special  Handling  *Haiarda  tJbnC _ 


injtSI  niafanl 


unused  port  lone 


U  Hazardous  sample  (soe  below) 


Non -hazardous  sample 


U  Toxic 

□  Pyrophoric 
U  Acidic 

□  Caustic 

□  Other _ 


□  Skin  Irritant 
U  Lachrymator 

□  Biological 

□  Peroxide 


□  Hammabla  (FP<  40°C) 

□  Shock  sensitive 

□  Carcinogenic  •  suspect 

□  Radioactive 


Sampla  Allocatk 
Organizatfc 
Receivedf 
Transported  By. 

Comments. 

Inclusive  Dates  ot  Possession . 


Organization  Nama _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Oates  of  Possession 

Organization  Nama _ 

Received  By _ Data  Received _ Tima 

Transported  By _ Lab  Sampla  No - 

Comments _ _ _ 

Inclusive  Dates  of  Possession - - - - 


_ Date  Received _ Time 

Lab  Sample  No - 


G-39 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampied/Addrees  .  1  j 
Sampla  Point  Description  JJ$£A 

Stream  Characteristics:  / 

Tamporature _ 6LL  tL 

Visual  Obasrvatlona/Commsnts . 


FMd  Sampla  No. 


s/re 


Collector's  Nama 
Amount  of  Sample 
Sample  Description 

Store  at:  □  Ambient  ^5*C  □  -  10*C  □  Other _ 

^Caution  •  No  more  sample  available  □  Return  unused  portion  of  sampla  □  Discard  unused  portions 
Other  Instructions  ■  Special  Handling  -  Hazards  AjQA/E~ _ 


U  Hazardous  sample  (aaa  below) 

U  Toxic 

□  Pyrophoric 
LJ  Acidic 

U  Caustic 

□  Other _ 


^Non -hazardous  sample 


□  Skin  irritant 
U  Lachrymator 
n  wohMiiftei 

□  Peroxide 


□  Flammable  (FP<  40*C) 

□  Shock  sensitive 

□  Carcinogenic  -  suspect 

□  Radioactive 


Sampla  Allocation/Chain  of  Pc 
Organization^hlame  jr>CX/^\A 
Received  By 
Transported  By 
Comments J\iCcL 
Inclusive  Dates  of  Possession . 

Organization  Nama _ 

Received  By _ 

Transported  By _ 

Comments _ 

Inclusive  Dates  of  Possession . 

Organization  Nama _ 

Received  By _ 

Transported  By _ 

Comments _ 

inclusive  Dates  of  Possession . 


In  of  Possession: 


_ Data  Received . 

Lab  Sample  No — 


_ Data  Received. 

Lab  Sample  No - 


_ Data  Received . 

Lab  Sampla  No - 


E 


552? 


CHAIN  OF  CUSTODY  RECORD 


Company  Sampled/ Address l 

oainpw  nNm  u— cnpiiofi  __ 

Stream  Characteristics:  , 

Temperature _  kJIAr _ 

Visual  Observations  /  Comments . 


FlaM  Sampta  No^j 

III 


7(L- 


Data /Tima  Samplad . 


Collector's  Nama 

Amount  of  Sampta  Collactad _ _ 

Sampta  Oaacriptton  /AJeli  LlJo-sf*  f~  _  f _ 

Storaat:  □  Ambtant  ^5*C  O -10*C  □  Othar _ 

^{caution  -  No  mom  aampla  available  □  Ratum  unuaad  portion  of  sampta  □  Discard  unusad  portions 
Othar  Instructions  •  Spscial  Handling  •  Hazards  Af0**  a  - _ 


□  Hazardous  sampta  (saa  batow) 


Non-hazardous  sampla 


|  □  Toxic 

□  Skin  irritant  ' 

□  Flammable  (FP<  40°C) 

□  Pyrophoric 

□  Lachrymator 

□  Shock  sensitive 

k 

•  VA 

%  □  Acidic 

□  Biological 

□  Carcinogenic  -  suspect 

r-> 

□  Caustic 

□  Peroxide 

□  Radioactive 

□  Othar _ 

Sampla  Allocation/Chainpf  Possession: 

Organization  Nama _ fiaxUto* 

Received  By - - ^ - - 

Transport sd  By  —  JTeaeALU  CrpJu*- 

Commants _ 

Inclusiva  Dataa  of  Possassion _ 

Organization  Nama _ 

Racaivad  By _  _ 

Tran  sport  ad  By  J~*»*t*~*  frypsff- 

Commants _ 

Inclusiva  Dates  of  Possassion _ 

Organization  Nama _ 

Racaivad  By _ 

Transport  ad  By _ 

Commants _ 

Inclusiva  Dataa  of  Possassion _ 


_ Data  Racaivad . 

Lab  Sample  No. . 


_ Data  Racaivad . 

Lab  Sampla  No _ 


_ Data  Racaivad . 

Lab  Simple  No - 


vV-/.AV.*V. 


G-41 
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APPENDIX  B 
Analytical  Data 


All  samples  for  chemical  analysis  were  submitted  to  Radian  Analytical 
Services'  laboratory.  The  samples  were  logged  in,  and  the  data 
reported  out,  in  "batches".  The  following  pages  contain  the  analyti¬ 
cal  data  reports  for  the  various  batches  of  samples.  Table  H-l  is  a 
key  for  assigning  the  samples  to  the  proper  batch.  Table  H-2  is  a 
cross-reference  between  zones  and  corresponding  laboratory  sample 
batches. 


TABLE  H-l .  LABORATORY  BATCH  BREAKOUT  KEY 


Lab  #  84-06-166,  June  20,  1984 

Sediment  Samples  TSED-01,  02,  03,  04,  05,  06 

Lab  #  84-06-190,  June  21,  1984 

Sediment  Samples  TSED-07,  08,  09,  10,  11,  12,  13,  14,  15,  16,  18 

Lab  #  84-06-206,  June  22,  1984 

Sediment  Samples  TSED-19,  21,  22,  24,  25,  26,  27 

Lab  #  84-07-090,  July  18,  1984 

6D,  6G,  7F  for  EPA  Method  601 

Lab  *  84-07-093,  July  18,  1984 

6D,  6G,  7F  for  EPA  Method  624/625 

Lab  #  84-07-112,  July  20,  1984 

6A,  6B,  6C,  7G  for  EPA  Method  601 


Lab  #  84-07-113,  July  20,  1984 

Sediment  Samples  TSED-20,  23,  28 


Lab  #  84-07-131, 
6A,  6B,  6C, 


July  23,  1984 

7G  for  EPA  Method  624/625 


Lab  #  84-08-003, 
2A,  6C,  6D, 


August  1,  1984 
6E,  6F,  6G,  7A, 


7C,  7F  for  EPA  Method  601 


Lab  #  84-08-013, 
6D,  6E,  6F, 

Lab  *  84-08-020, 
6A,  6B,  6D, 


August  1,  1984 

6G,  7A,  7C,  for  EPA  Method  624/625 

August  2,  1984 

6G,  7G  for  EPA  Method  601 


Lab  #  84-08-167, 
6E,  6F,  7A, 


August  16,  1984 
7C  (Sample  on  8/14), 


7C  (Sample  on  8/15)  for  EPA  Method  601 


TABLE  H-2.  CROSS  REFERENCE 


Sampling  Station 
(Figure  3-4) 


Lab  #  84- 


*Incorrect  sample  site;  sample  discarded 
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PAGE  4  Analytical  Serv  REPORT  LAB  «  84-G6-16* 

RECEIVED:  06/20/84  RESULTS  BY  TEST  CONTINUED  FROM 
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RECEIVED:  06/21/84  Results  by  Sample  Continued  From  Above 
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ND  =  not  detected  at  the  specified  detection  limit. 

All  results  reported  in  micrograms/liter  unless  otherwise  specified. 
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RECEIVED:  06/22/84  Result;  by  Sample  Continued  From  Above 

SAMPLE  ID  TSED-22 _ FRACTION  03B  TEST  CODE  P1RCRA  NAME  RCRA  Pesticides 

Date  Si  Time  Collected  not  specified  Category  _ 

COMPOUND  RESULT  DET.  LIMIT  OTHER  PESTICIDES  RESULT  DET.  LIMIT 
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RECEIVED:  06/22/84  Results  by  Sample  Continued  From  Above 

SAMPLE  ID  TSED-25 _ FRACTION  05B  TEST  CODE  H1RCRA  NAME  RCRA  Herbicides _ 

Date  &  Time  Collected  not  specified  Category  _ 
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RECEIVED:  06/22/84  Results  by  Sample  Continued  From  Above 

SAMPLE  ID  TSED-26 _ FRACTION  Q6B  TEST  CODE  H1RCRA  NAHE  RCRA  Herbicides 

Date  &  Time  Collected  not  specified  Category  _ 
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RECEIVED:  06/22/84  Results  by  Sample  Continued  From  Above 

SAMPLE  ID  TSED-27 _ FRACTION  G7B  TEST  CODE  P1RCRA  NAME  RCRA  Pesticides 

Date  &  Time  Collected  not  specified _  Category _ 
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RECEIVED:  07/18/84  Results  by  Sample  Continued  From  Above 

SAMPLE  ID  7F _  FRACTION  03A  TEST  CODE  PC  6Q1  NAME  EPA  Method  601/GC 

Date  &  Time  Collected  not  specified  Category  _ 
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RECEIVED:  07/18/84  NonReported  Work 

FRACTION  AND  TEST  CODES  FOR  WORK  NOT  REPORTED  ELSEWHERE 
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All  results  reported  in  ug/1  unless  otherwise  specified. 

ND  =  not  detected  at  EPA  detection  limit  method  625#  (Federal  Register#  11/26/84). 
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PAGE  7  Analytical  Serv  REPORT  LAB  *  84-07-093 

RECEIVED:  07/18/84  Results  by  Sample 

SAMPLE  10  60  FRACTION  Q2A  TEST  CODE  (1625  A  NAME  Method  625  Acid  Compounds 

Date  it  Time  Collected  07/17/84 _  Category _ 
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RECEIVED:  07/18/84  Results  by  Sample 

SAMPLE  ID  6D _  FRACTION  G2A  TEST  CODE  H&25  B  NAME  Method  625  Base/Neutrals 

Date  ?!  Time  Collected  07/17/84 _  Category _ 
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PAGE  12  Analytical  Serv  REPORT  LAB  «  84-07-093 

RECEIVED:  07/18/84  Results  by  Sample 

SANPLE  ID  60,  Bldg  3001 _  FRACTION  03A  TEST  CODE  (1625  A  NAME  Method  625  Acid  Compounds 

Date  &  Time  Collected  07/16/84  _  Category _ 
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RECEIVED:  07/13/84  Results  by  Sample 

SAMPLE  ID  66.  Bldg  3001 _ FRACTION  03A  TEST  CODE  M625  B  NAME  Method  625  Base/Neutrals 

Date  &  Time  Collected  07/16/84 _  Category _ 

DATA  FILE  2CU07093C03  DATE  EXTRACTED  07/25/84  ANALYST  BMS  VERIFIED  BY 
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RECEIVED:  07/18/84  Results  by  Sample  Continued  From 

SAMPLE  ID  68.  Bide  3001 _ FRACTION  03B  TEST  CODE  NS  624  NAME  EPA  Method  62 

Date  &  Time  Collected  07/16/84 _  Category 
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RECEIVED:  07/18/84  NonReported  Work 

FRACTION  AND  TEST  CODES  FOR  WORK  NOT  REPORTED  ELSEWHERE 
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RECEIVED:  08/01/84  Results  by  Sample 
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NOTES  AND  DEFINITIONS  FOR  THIS  REPORT. 

SCAN  =  scan  number  or  retention  time  on  chr omatogram. 

All  results  reported  in  ug/L  unless  otherwise  specified. 

ND  =>  not  detected  at  EPA  detection  limit  method  625.  (Federal  Register.  11/26/841. 
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RECEIVED:  08/01/84  Results  by  Sample 

SAMPLE  ID  6G _ FRACTION  04A  TEST  CODE  H625  A  NAME  Method  625  Acid  Compounds 

Date  &  Time  Collected  07/30/84 _  Category _ 
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SAMPLE  ID  6A _  FRACTION  01A  TEST  CODE  GC  601  NAME  EPA  Method  601/GC 

Date  &  Time  Collected  not  specified  Category  _ 


O  fd 

-I 

Dl  1 

D 

CO 

>  a 

UJ 

a  uj 

CE 

a 

0 

a  0 

z 

z 

z  z 

O  sa >* 
hO  c- 
o 

to  can 
O  <X> 
•+J« 

+»  no 
(u  o 

ac 


arc 

CD 

CL.  Ol 

ULl  — ■* 
OtC  Ou 


CD  •*-* 
<3  »d 
cu 

<UD  ea 
CD  mu 

UlI  +» 
da  cd 
CD  c= 
CD 


2>  =3 

t—  CM 

CU  cu 
CO  arc 


CD 

< 

CU  a» 

o>  e 


CD  «M 

<C 

QC  na 
U_  CD 


«)  ai  a* 

C  to  c 

*0  tj 

jC  L  jC 

■P  O  4J> 

II  — '  91 

O  jC  £ 

LUO 
0  L 

-<9)0 

jC  C  O 

U  O  ~T 

-<  «+• 

5T  O 

■C  S- 

•P  O 

01  — 1 

E  -c 

u 


01 

♦ 

♦ 

♦ 

u 

e 

* 

* 

9* 

Of 

Of 

Of 

C 

Of 

C 

c 

c 

c 

a> 

JC 

0 

91 

Of 

Of 

Of 

JC 

a 

a# 

Of 

p 

«*- 

01 

Of 

M 

M 

M 

M 

P 

c 

c 

C 

U 

0 

c 

e 

c 

c 

c 

c 

<U 

*0 

* 

a* 

6 

»0 

Of 

0 

Of 

Of 

Of 

O 

JC 

jC 

a 

»-4 

O 

JC 

JO 

JO 

JO 

JQ 

f- 

P 

P 

0 

3» 

L 

p 

3» 

0 

0 

0 

0 

O 

O 

01 

t- 

c 

OS 

Of 

JC 

u 

c 

u 

p 

6 

0 

a. 

•*»4 

O 

P 

0 

0 

0 

0 

£ 

0 

p 

0 

> 

P 

Of 

H 

H 

r<4 

u 

i* 

0 

w 

i«4 

O 

0 

JC 

JC 

jC 

JC 

•K* 

0 

H 

0 

3* 

H 

p 

u 

u 

u 

u 

u 

JC 

H 

JC 

JC 

0 

•H 

•H 

*1^ 

jC 

u 

x: 

P 

u 

(«J 

Q 

a 

a 

u 

•H 

u 

Of 

*0 

JC 

1 

1 

1 

0 

c- 

•H 

O 

t- 

u 

n 

CM 

6 

H 

Cl 

P 

p 

•0 

. 

O 

J 

1 

O 

Of 

f. 

H 

**■» 

f- 

CM 

n 

H 

K 

p 

JO 

* 

« 

JC 

1 

Of 

■H 

rH 

H 

u 

ro 

h~ 

O 

„ 

1 

l 

*•*4 

VI 

N 

CO 

0 

■0 

a 

a 

a 

C2 

C3 

Cl 

z 

z 

z 

Z 

z 

z 

»• 

H 

Of 

6 

Of 

Of 

Of 

0« 

01 

Oi 

c 

c 

c 

"T? 

c 

c 

C 

01 

0 

•0 

•w 

* 

0» 

a» 

JC 

<4- 

JC 

-C 

c 

x; 

a 

CL 

p 

0 

p 

p 

0 

P 

0 

0 

01 

c- 

01 

Of 

*— * 

Of 

5- 

c 

0 

0 

0 

0 

■c 

€ 

a 

a. 

u 

H 

t~ 

c 

u 

O 

O 

0 

0 

JC 

0 

0 

U 

C 

t~ 

u 

r-J 

a 

H 

»H 

p 

O 

0 

0 

jC 

JC 

jC 

p 

•H 

rJ 

u 

u 

u 

Of 

JC 

JC 

X 

■*■4 

■H 

■H 

h* 

u 

u 

u 

a 

Cl 

L 

<w 

>H 

■»u 

1 

1 

h- 

c 

Q 

CM 

CM 

1 

0 

0 

1 

1 

„ 

. 

H 

XJ 

£ 

cu 

H 

H 

«. 

f- 

0 

h. 

. 

1 

H 

»0 

i- 

H 

rn 

0 

KJ 

1 

c 

H 

vt 

r  ••< 


«**  3>  UJ 


CJ»  CD 
<C  UJ 


aa 

UJ  <E 

-Ol 

_J  O 

-4  (- 

z 

CD 

u.  u 

« 

>i  1  % 

< 

u 

<  u. 

tn 

UJ 

b~ 

__l 

<  ■ 

au 

Cl  U 

z 

0 

cn 

u 

S3 

»  ;  1— y 


Uj 


H-173 


PAGE  5  Analytical  Serv  REPORT  LAB  *  84-08-020 

RECEIVED:  08/02/84  Results  by  Sample  Continued  From  Above 
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THOMAS  V.  GRIMSHAW 


EDUCATION: 

Ph. D. ,  Geology,  University  of  Texas  at  Austin,  1976. 

M.S. ,  Geology,  University  of  Texas  at  Austin,  1970. 

B. S. ,  Geological  Engineering,  South  Dakota  School  of  Mines  and  Technology, 
1967. 

EXPERIENCE : 

Division  Manager,  Policy  and  Environmental  Analysis  Division,  Radian  Corpora¬ 
tion,  Austin,  TX,  1982-Present. 

Department  Head,  Environmental  Analysis  Department,  Radian  Corporation,  1978- 
1982. 

Group  Leader,  Radian  Corporation,  1976-1978. 

Teaching  Assistant,  The  University  of  Texas  at  Austin,  1974. 

Captain  (R&D  Coordinator),  U. S.  Army,  1970-1972. 

Geologist,  Junior  Grade,  Amoco  Production  Company,  1969-1970. 

Geologic  Field  Assistant,  Amoco  Production  Company,  1967. 

Certification:  AIPG  Certified  Professional  Geologist  No.  4425 
FIELDS  OF  EXPERIENCE: 

Dr.  Grimshav  has  served  in  a  technical  and  management  role  in  numerous  pro¬ 
grams  at  Radian.  Most  recently,  he  has  been  the  Technical  Coordinator  for 
several  survey  programs  for  Environmental  Impairment  Liability  insurance 
applications.  He  has  also  performed  or  participated  in  several  surveys,  in¬ 
cluding  a  hazardous  waste  disposal  site,  large  wastewater  treatment  plants, 
pulp  and  paper  mills,  aluminum  forging  and  extrusion  plants,  and  a  large  sani¬ 
tary  landfill. 

Dr.  Grimshaw  is  currently  acting  as  Program  Manager  for  two  programs  for  site 
investigation  and  remedial  action  planning  for  solid/hazardous  vaste  disposal 
and  related  activities  at  installations  of  the  U. S.  Air  Force.  These  programs 
are  being  conducted  at  bases  in  Texas  and  Louisiana  as  part  of  the  Air  Force's 
Installation  Restoration  Program. 

In  recent  months,  Dr.  Grimshaw  has  been  the  Technical  Coordinator  for  a  large 
program  being  conducted  by  a  major  paper  company  to  develop  Closure  Plans  for 
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impoundments  at  wood  treatment  plants  in  three  states.  This  program  included 
a  full  complement  of  studies  to  define  the  existing  situation  and  prepare  a 
plan  of  remedial  action  for  each  plant.  The  initial  activity  was  the  sampling 
and  analysis  of  pond  supernatant  and  sludge,  subsoil,  and  ground  water.  Bench 
scale  stabilization  studies  were  performed  on  the  sludge  using  a  number  of 
candidate  commercial  stabilizing  compounds.  Several  closure  alternatives  were 
developed  and  screened,  and  a  set  of  alternatives  was  selected  for  inclusion 
in  conceptual  plans.  After  the  conceptual  plans  were  approved  by  the  client 
and  the  regulatory  agency,  a  detailed  design  was  prepared  and  specifications 
developed. 

For  Tuloma  Energies,  Inc.,  Radian  performed  a  program  directed  by  Dr.  Grimshaw 
for  development  of  a  commercial  Hazardous  Waste  Management  Facility  in  north¬ 
eastern  Oklahoma.  During  the  initial  phases  of  this  project,  a  market  analy¬ 
sis  was  performed  to  determine  the  sources  at  waste  that  could  potentially  use 
the  new  facility.  Subsequently,  a  regional  screening  analysis  was  performed 
to  identify  areas  most  likely  to  have  suitable  sites  for  the  new  facility. 

This  analysis  included  screening  for  several  factors,  including  hydrologic, 
geologic,  topographic,  ecologic,  and  aerometric  characteristics  as  well  as 
population  density.  Dr.  Grimshaw  assisted  Tuloma  Energies  in  coordinating 
with  the  state  regulatory  agency  (Oklahoma  Department  of  Health)  during  the 
initial  phases  of  the  project.  The  project  is  currently  being  held  in  abey¬ 
ance  pending  improvement  in  the  national  economy. 

Dr.  Grimshaw  was  Project  Director  for  two  programs  for  a  major  paper  company 
to  evaluate  the  potential  risk  of  proposed  solid  waste  management  plans  for 
paper  mills  in  Arkansas  and  Mississippi.  These  programs  included  collection 
of  waste,  soil,  and  ground-water  samples,  analysis  of  the  wastes,  and  batch 
extraction  of  the  wastes  followed  by  analysis  of  the  leachates.  In  addition, 
leachates  were  generated  and  attenuated  in  waste  and  soil  columns  to  evaluate 
the  capacity  of  the  subsoil  to  attenuate  any  leachate  that  might  escape  from 
the  disposal  site.  A  ground-water  flow  model  was  used  to  assess  the  rate  and 
direction  of  contaminant  movement  if  contaminants  were  to  reach  the  water 
table. 

Dr.  Grimshaw  was  Technical  Director  for  a  generic  environmental  assessment  of 
wastes  from  fluidized  bed  combustion  for  the  0. S.  Environmental  Protection 
Agency  (EPA).  Emphasis  was  placed  on  potential  hydrologic  impacts.  Both 
laboratory  studies  and  field  lysimeter  tests  were  conducted  in  the  study.  The 
objectives  were  to  identify  and  investigate  key  variables  which  determine  the 
acceptability  of  FBC  waste  disposal  and  to  establish  a  reliable  empirical 
correlation  between  laboratory  and  field  results  so  that  better  conclusions  on 
field  effects  can  be  drawn  on  the  basis  of  laboratory  studies.  Provisions  of 
the  Resource  Convervation  and  Recovery  Act  are  allowed  for  in  the  investiga¬ 
tion.  Since  the  regulatory  situation  for  FBC  wastes  was  unclear  during  con¬ 
duct  of  the  program,  provisions  were  made  for  both  the  eventuality  that 
leachate  migration  will  be  allowed  in  the  substrate  below  the  landfill  and  . 
that  leachate  escape  will  be  controlled  by  liners.  Interactions  between 
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leachate  and  representative  disposal  media  and  between  leachate  and  several 
candidate  liner  materials  were  investigated  in  laboratory  studies. 

Dr.  Grimshaw  was  also  Technical  Director  for  a  program  to  investigate  the 
ground-water  impact  of  a  spill  of  a  coal-distillate  liquid  fuel  at  an  SRC-II 
(Solvent  Refined  Coal)  pilot  plant  at  Fort  Lewis  Military  Reservation  near 
Tacoma,  Pierce  County,  Washington.  The  spill  site  was  underlain  by  highly 
permeable  soils  with  a  water  table  aquifer  at  a  depth  of  approximately  30 
feet.  The  study  involved  detailed  coring  to  establish  the  location  and  extent 
of  unsaturated  zone  cotamination  and  designing  and  constructing  a  set  of 
ground-water  monitoring  wells  to  define  the  extent  of  ground-water  contamina¬ 
tion  that  had  occurred.  Analytical  chemistry  support  was  provided  for. 

Resource  Conservation  and  Recovery  Act  (RCRA)  Extraction  Procedure  testing  of 
contaminated  soils  and  for  ground-water  quality  evaluation.  A  Remedial  Mea¬ 
sures  Plan  was  formulated  and  implemented  to  remove  contaminated  material  and 
to  prevent  the  further  spread  of  ground-water  contamination.  Measures  in¬ 
cluded  partial  excavation  of  contaminated  soils  and  installation  of  production 
wells  for  ground-water  flow  control.  This  program  involved  extensive  coordi¬ 
nation  and  interfacing  with  the  states  regulatory  authority  (Washington 
Department  of  Ecology). 

In  a  follow-up  program  for  which  Dr.  Grimshaw  was  again  Technical  Director, 
Radian  evaluated  the  overall  hydrogeologic  impact  of  the  entire  SRC  plant  in 
addition  to  the  spill  area.  This  program  again  involved  soil  sampling,  ex¬ 
traction,  and  analysis  as  well  as  water  quality  monitor  well  installation  and 
sampling.  A  zone  of  contamination  was  identified,  and  a  comprehensive 
Remedial  Measures  Plan  was  prepared  to  address  the  problem. 

In  a  program  for  Utah  International,  Incorporated,  Dr.  Grimshaw  was  responsi¬ 
ble  for  evaluating  the  implications  of  RCRA  on  the  company's  mining  operations 
under  various  regulatory  scenarios.  Special  reference  was  made  to  UI's  pro¬ 
posed  Springer  Mine  which  is  in  Pershing  County,  Nevada.  Several  issues  con¬ 
cerning  the  application  of  RCRA  regulations  to  metal  mines  emerged,  including 
the  following:  (1)  applicability  of  the  procedure  for  classifying  solid  waste 
as  hazardous  or  non-hazardous ;  (2)  problems  associated  with  applying  disposal 
regulations  to  all  operations;  (3)  difficulties  in  applying  limited  interim 
regulations  pending  development  of  final  regulations;  (4)  integration  of  RCRA 
regulations  with  other  regulations,  especially  the  Clean  Water  Act;  and  (5) 
the  appropriateness  of  certain  specific  provisions  of  the  regulations  such  as 
flood  plain  definition,  financial  requirements,  and  monitoring  requirements. 

Dr.  Grimshaw  was  Technical  Director  for  the  first  phase  of  a  project  to  in¬ 
vestigate  the  environmental  feasibility  of  disposing  of  flue  gas  desulfuriza¬ 
tion  (FGD)  wastes,  ash  and  sludge,  from  a  mine  mouth  power  plant  by  backfill¬ 
ing  into  the  associated  surface  mine  in  northwestern  Colorado.  He  also  had 
major  supervisory  and  hydrogeologic  interpretation  roles  in  the  second  phase 
of  the  program,  which  included  extensive  field  studies.  These  field  studies 
included  infiltration  tests  of  the  mine  floor  and  overburden,  water  balance 
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investigation*  to  estimate  ground-water  recharge,  and  eaplaceaent  of  piezom- 
eters  to  ascertain  the  direction  of  ground-water  flow.  A  major  output  of  this 
prograa  was  a  rating  of  the  various  parts  of  the  large  surface  aine  in  terms 
of  suitability  for  ash  and  sludge  disposal. 

Dr.  Griashaw  was  a  Task  Leader  in  a  prograa  for  the  EPA  ground-water  labora¬ 
tory  (Robert  S.  Kerr  Environmental  Research  Laboratory)  to  investigate  a  tech¬ 
nique  for  identifying  sources  of  nitrate  ions  in  ground  waters  and  soils  using 
stable  nitrogen  isotopes.  The  usefulness  of  nitrogen  isotope  ratios  for  dif¬ 
ferentiating  sources  of  nitrate  pollution  (septic  tanks,  feedlots,  barnyards, 
and  lands  receiving  municipal  waste  waters)  was  evaluated.  Soil  saaples  were 
obtained  both  by  surface  augering  and  by  deep  boring  and  coring,  and  ground- 
water  samples  were  collected  from  existing  shallow  wells.  A  total  of  66  soil 
samples  and  contaminated  ground  waters  were  analyzed  for  nitrate,  chloride, 
and  for  nitrate-nitrogen  isotopic  composition.  Standard  statistical  tech¬ 
niques  were  used  to  analyse  the  observed  variations  in  values,  with 
respect  to  several  nitrate-ion  sources  and  various  environmental  factors. 

For  a  comprehensive  environmental  assessment  for  a  proposed  large  lignite  mine 
in  Texas,  Dr.  G rims  haw  prepared  and  conducted  an  aquifer  test  program.  These 
efforts  included  design  of  the  pump  wells  and  piezometers,  layout  of  the  well 
configuration  in  the  field,  oversight  of  well  drilling  operations,  conduct  of 
the  two  pump  tests,  and  interpretation  of  the  results  in  terms  of  the  basic 
aquifer  parAmeters.  In  another  program  related  to  this  mine.  Dr.  Grimshaw  was 
responsible  for  evaluating  the  potential  effects  on  ground  water  resulting 
from  disposal  of  ash  and  FGD  solids  from  a  power  plant  by  eaq>lacement  of  the 
wastes  in  the  mine. 


Prior  to  his  employment  by  Radian  Corporation,  Dr.  Grimshaw  was  employed  as  an 
oil  and  gas  exploration  geologist  by  Amoco  Production  Company,  Denver, 
Colorado.  Initially,  he  was  a  geologic  field  assistant  near  the  coast  of  the 
Gulf  of  Alaska.  This  work  entailed  measuring,  describing,  and  collecting 
stratigraphic  sections  in  the  Tertiary  rocks  in  the  vicinity  of  Cordova  and 
Cape  Takataga,  Alaska.  Subsequently,  Dt.  Grimshaw  was  involved  in  a  gas  and 
petroleum  exploration  program  in  northcentral  Montana.  Most  of  the  effort  was 
in  working  out  the  stratigraphy  and  structural  geology  in  the  area  of  investi¬ 
gation,  and  he  served  for  a  time  as  well-site  geologist  on  gas  exploration 
wells.  In  addition,  he  launched  a  program  of  regional  exploration  in  a  much 
larger  area  in  Montana.  This  work  included  study  of  down-hole  geophysical 
logs,  preparation  of  structural  contour  maps,  and  assembly  of  isopachous  maps. 


HOHORARY  AMD  PROFESSIONAL  SOCIETIES: 

Sigma  Xi,  Phi  Kappa  Phi,  Sigma  Tau,  Sigma  Gamma  Epsilon,  Geological  Society  of 
America,  American  Association  of  Petroleum  Geologists,  Association  of  Engi¬ 
neering  Geologists. 
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PUBLICATIONS /REPORTS : 

Grimshav,  T.W.  and  W.  M.  Little,  "Remedial  Measures  Plan  for  a  Spill  of  Solvent 
Refined  Coal  Liquid  at  the  SRC  Pilot  Plant,  Ft.  Levis,  Washington,"  Radian 
Corporation,  Austin,  TX,  August  1980. 

Grimshav,  T.W. ,  et  al. ,  "Generation  and  Attenuation  of  Leachate  from  Fluidized 
Bed  Combustion  Solid  Wastes:  First  Tear  Progress  Report,"  Radian  Corporation, 
Austin,  TX,  April  1980. 

French,  L.N. ,  J. C.  Lacy,  and  T.W.  Grimshav,  "Regulation  of  the  Hydrologic 
Impacts  of  In-Situ  Fossil  Fuel  Recovery,"  Radian  Corporation,  Austin,  TX, 

April  1980. 

Grimshav,  T.W. ,  et  al. ,  "Hydrology-Related  Regulatory  Risk  for  a  Proposed 
Lignite  Mine  in  East  Texas,"  Radian  Corporation,  Austin,  TX,  December  1979. 

Wolterink,  T. J. ,  H.J.  Williamson,  T.W.  Grimshav,  and  W.F.  Holland,  "Identify¬ 
ing  Sources  of  Subsurface  Nitrate  Pollution  vith  Stable  Nitrogen  Isotopes," 
Radian  Corporation,  Austin,  TX,  August,  1979. 

Grimshav,  T.W. ,  et  al. ,  "Environmental  Impact  Statement  for  the  San  Antonio, 
Texas,  Wastevater  Treatment  System,”  Radian  Corporation,  Austin,  TX,  August 
1979. 

Radian  Corporation  and  Oklahoma  University  Staff,  "Energy  from  the  West: 

Impact  Analysis  Report  Volume  II,  Site-Specific  and  Regional  Impact  Analyses," 
Radian  Corporation,  Austin,  TX,  March  1979. 

Grimshav,  T.W. ,  et  al. ,  "Implications  of  the  Resource  Conservation  and  Recov¬ 
ery  Act  for  the  Metals  Mining  Industry:  A  Case  Study  of  the  Springer  Proj¬ 
ect,"  Radian  Corporation,  Austin,  TX,  March  1979. 

Grimshav,  T.W. ,  et  al. ,  "Preliminary  Evaluation  of  the  Hydrologic  Impacts  of 
Utilizing  the  Trapper  Mine  for  Disposal  of  Wastes  from  the  Craig  Station  Pover 
Plant,  Moffat  County,  Colorado,"  Radian  Corporation,  Austin,  TX,  October  1980. 

James,  S.N. ,  T.W.  Grimshav,  and  J.L.  Mach in,  "Evaluation  of  Factors  Affecting 
the  Acceptability  of  the  Proposed  Site  for  the  Erie  Mining  Company  Industrial 
Fuel  Gas  Demonstration  Plant,"  Radian  Corporation,  Austin,  TX,  August  1978. 

Menzies,  W. R. ,  et  al,  "Coal  and  Lignite  Resources  for  a  Medium-Btu  Gasifica¬ 
tion  Plant  in  Texas,"  Radian  Corporation,  Austin,  TX,  May  1978. 

Grimshav,  T.W. ,  et  al. ,  "Environmental  Assessment  for  the  Planned  Texas  Pover 
and  Light  Company  Sandov  Generating  Station  Unit  Number  Four,  Milam  County, 
Texas,"  Radian  Corporation,  Austin,  TX,  May  1978. 
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Holland,  W.P. ,  et  al. ,  "Environmental  Inventory  and  Aaaessment  for  the  Pro¬ 
posed  Yegua  Mine,  Milam  County,  Texas,"  Radian  Corporation,  Austin,  TX, 
December  1977. 


Grimshav,  T.  W. ,  J.L.  Machin,  and  L.  Michel,  "An  Evaluation  of  Factors  Affect¬ 
ing  Acceptability  of  the  Proposed  Site  for  the  Conoco  Coal  Development  Coal 
Company  Coal  Conversion  Facility,  Noble  County,  Ohio,"  Radian  Corporation, 
Austin,  TX,  November  1977. 


Machin,  J.L.  and  T.H.  Grimshav,  "Investigation  of  Water  Quality  Impacts 
Related  to  Development  of  the  Horsepan  Creek  Basin,  Guilford  County,  North 
Carolina,"  Radian  Corporation,  Austin,  TX,  October  1977. 

Grimshav,  T.W. ,  et  al. ,  "Preliminary  Environmental  Assessment  for  a  Proposed 
Lignite  Surface  Mine  near  Athens,  Texas,"  Radian  Corporation,  Austin,  TX, 
October  1977. 

Holland,  W.F. ,  et  al. ,  "Environmental  Impact  Statement  for  the  Greensboro, 
Guilford  County,  North  Carolina,  201  Vastevater  Treatment  System  (Draft  and 
Final  EIS),”  Radian  Corporation,  Austin,  TX,  September  1977. 
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WILLIAM  M.  LITTLE 


EDUCATION: 

M.S. ,  Civil  Engineering,  University  of  Cslifornia,  Berkeley,  1974. 

M.S. ,  Hydrology,  University  of  Arizona,  Tucson,  1968. 

B. S. ,  Hydrology,  University  of  Arizona,  Tucson,  1967. 

EXPERIENCE : 

Senior  Engineer  and  Group  Leader,  Radian  Corporation,  Austin,  TX,  1982- 
Present. 

Senior  Engineer,  Radian  Corporation,  Austin,  TX,  1978-1982. 

Hydrologist,  U. S.  Any  Environmental  Hygiene  Agency,  1973-1978. 

Research  and  Technical  Operations  Officer,  U. S.  Army  Engineer  Nuclear  Crater¬ 
ing  Group,  1969-1971. 

Graduate  Student  in  Research,  University  of  Arizona,  Tucson,  1968. 

FIELDS  OF  EXPERIENCE: 

Mr.  Little  is  a  Senior  Engineer  and  Group  Leader  with  a  major  technical  spe¬ 
cialty  in  ground-water  pollution  studies.  He  is  currently  the  Project  Direc¬ 
tor  for  hydrogeologic  investigations  of  multiple  waste  disposal  sites  on 
Kelly  Air  Force  Base,  Texas,  and  Tinker  Air  Force  Base,  Oklahosw.  These 
investigations  include  monitoring  well  construction,  ground-water  sampling, 
and  contaminant  transport  assessment.  He  is  responsible  for  program  design 
and  execution,  subcontractor  selection,  and  managing  and  editing  the  final 
report.  He  has  recently  completed  a  hydrogeologic  investigation  of  a  Super¬ 
fund  site  in  western  New  York  state.  The  project  included  monitoring  well 
construction,  definition  of  ground-water  flow  system,  assessment  of  contam¬ 
inant  transport  potential,  and  presentations  to  regulatory  authorities. 

Mr.  Little  served  as  Project  Director  and  principal  investigator. 

He  has  served  as  Project  Director  and  field  manager  for  a  large,  multidisci¬ 
plinary  characterization  of  an  abandoned  hazardous  waste  disposal  site  in 
southern  California.  The  waste  materials  consist  of  acid  petroleum  refinery 
sludges.  Major  areas  of  investigation  were:  chemical  characterization  of 
wastes  and  geologic  materials;  quantification  of  sulfur  dioxide  and  hydro¬ 
carbon  emissions;  and  ground-water  monitoring.  Mr.  Little  was  responsible  for 
managing  the  field  operations  and  supervising  report  preparation. 

Mr.  Little  has  served  as  assistant  Project  Director  and  field  manager  for  an 
investigation  of  the  ground-water  quality  impact  of  a  spill  of  a  coal-distil¬ 
late  liquid  at  an  SRC  pilot  plant  near  Tacoma,  Washington.  The  study  involved 
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detailed  unsaturated  zone  coring  and  designing  and  constructing  a  series  of 
ground-water  monitoring  wells  A  Remedial  Measures  Plan  was  formulated  and 
adopted  to  remove  contaminated  materials  and  to  prevent  the  further  spread  of 
ground-water  contamination.  Following  the  evaluation  of  the  spill  event, 

Mr.  Little  directed  an  expanded  program  to  evaluate  the  ground-water  quality 
effects  of  overall  plant  operations.  The  possible  sources  of  contamination 
were  identified  and  characterized.  Mr.  Little  then  developed  a  ground-water 
monitoring  program  and  supervised  the  installation  of  the  monitoring  network. 

He  designed  and  conducted  aquifer  pump  tests  to  define  aquifer  performance  and 
interpreted  the  results. 

Mr.  Little  has  also  conducted  a  program  to  evaluate  the  extent  of  ground-water 
contamination  by  refinery  operations  and  wastes  at  an  oil  refinery  near 
Duncan,  Oklahoma.  The  initial  assessment  was  based  on  site  reconnaissance, 
interviews  with  refinery  personnel  and  a  study  of  existing  hydrogeologic  and 
process  data. 

Mr.  Little  has  recently  completed  two  environmental/regulatory  fatal  flaw 
studies  for  lignite  mines  and  associated  power  plants  in  East  Texas.  He  was 
both  Project  Director,  responsible  for  overall  management  and  preparation  of 
the  final  report,  and  hydrology  task  leader,  responsible  for  assembling  data 
on  hydrologic  conditions  and  assessing  probable  impacts.  He  has  also  recently 
served  as  task  leader  for  regulations  review,  impact  analysis  and  permit 
application  preparation  for  a  commercial-scale  coal  gasification  facility  in 
Wyoming  and  ground-water  hydrology  task  leader  for  environmental  analysis  of  a 
major  lignite  mine  and  associated  synfuels  plant  in  east  Texas. 

In  another  program,  Mr.  Little  directed  an  evaluation  of  surface-water  and 
ground-water  availability  in  the  vicinity  of  the  proposed  Solvent  Refined  Coal- 
II  (SRC-II)  demonstration  plant  and  commercial  facilities  near  Morgantown, 

West  Virginia. 

For  a  private  industrial  client,  Mr.  Little  reviewed  and  evaluated  the  envi¬ 
ronmental  monitoring  data  from  the  vicinity  of  an  in  situ  coal  gasification 
test  in  the  Powder  River  Basin  of  Wyoming.  The  water  quality  impacts  of  the 
test  burn  vere  assessed,  and  a  program  of  aquifer  restoration  and  hydrologic 
testing  recommended.  Based  on  available  hydrologic  and  geochemical  data,  a 
conceptual  model  of  the  test  site  was  developed.  He  also  developed  a  ground- 
water  monitoring  and  contingency  aquifer  restoration  program  for  a  proposed 
future  test.  The  program  includes  selection  of  well  locations  and  parameters 
for  monitoring  and  specification  of  restoration  strategies. 

Mr.  Little  has  also  participated  in  an  assessment  of  the  environmental  behav¬ 
ior  of  fluidized  bed  combustion  (FBC)  waste  for  EPA,  IERL.  Mr.  Little  was 
responsible  for  the  design,  construction  and  operation  of  field  cells  for 
testing  FBC  waste  disposal  alternatives  and  for  the  development  of  a  prelim¬ 
inary  waste  transport  model.  He  has  also  been  project  director  and  hydrology 
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task  leader  in  the  evaluation  of  the  environmental  suitability  of  an  ash/ 
scrubber  sludge  disposal  site.  He  vas  responsible  for  the  overall  management 
of  the  program,  evaluated  the  laboratory  and  hydrogeologic  data  and  predicted 
contaminant  migration. 

As  a  hydrologist  with  the  Water  Quality  Engineering  Division,  0. S.  Army  Envi¬ 
ronmental  Hygiene  Agency,  Mr.  Little  served  as  a  consultant  to  the  Office  of 
the  Surgeon  General  and  to  major  commands  and  installations  on  hydrologic 
aspects  of  water  supply  and  wastewater  disposal.  He  prepared  design  criteria 
for  programs  of  effluent  and  receiving  water  monitoring  at  Army  manufacturing 
and  research  facilities,  evaluated  ground-water  pollution  potential  of  waste 
disposal  practices,  and  reviewed  draft  NPDES  discharge  permits  issued  to  Army 
installations.  He  performed  preliminary  technical  feasibility  studies  of  land 
treatment  of  wastewater  including  field  investigations  and  trial  systems 
design.  He  conducted  environmental  impact  statement  data  requirements  review 
and  prepared  and  reviewed  portions  of  environmental  impact  statements.  Mr. 
Little  also  managed  the  Army  Medical  Department's  nationwide  Drinking  Water 
Surveillance  Prograau 

With  the  Corps  of  Engineers,  Mr.  Little  was  assigned  as  a  Research  and  Tech¬ 
nical  Operations  Officer,  0. S.  Army  Engineer  Nuclear  Cratering  Group.  There 
he  conducted  a  general  investigation  of  hydrologic  transport  of  radionuclides 
from  Plowshare  application  sites.  This  work  included  literature  searches, 
computer  simulation,  experimental  design  and  conceptual  modeling  of  transport 
phenomena.  He  also  participated  in  final  preparation  of  a  1971  Corps  of  Engi¬ 
neers  report  on  Wastewater  Management  in  the  San  Francisco  Bay  Region. 

While  at  the  University  of  Arizona,  Mr.  Little  was  a  member  of  the  Operations 
Research  Study  Group  on  the  Tucson  Basin,  gathering  background  hydrologic 
material,  and  conducting  a  literature  and  data  file  search.  He  directed  and 
participated  in  preliminary  adaptation  of  a  two-dimensional,  finite  difference 
model  of  a  large,  heterogeneous  ground-water  basin. 

HONORARY  AND  PROFESSIONAL  SOCIETIES: 

American  Geophysical  Union,  American  Water  Resources  Association,  National 
Water  Well  Association,  Sigma  Xi. 

CERTIFICATION: 

AIPG  Certified  Professional  Geological  Scientist  No.  6468. 

PUBLICATIONS /REPORTS : 

Numerous  technical  reports  in  the  fields  of  water  resources  development, 
ground-water  contaminant  migration,  occurrence  of  radionuclides  in  ground 
water,  land  treatment  feasibility  and  receiving  water  monitoring,  including: 
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Little,  W. M.,  "Hydrogeo logic  Investigations,  Facet  Enterprises,  Inc.,  Elmira, 
New  York, "  Radian  Corporation  Final  Report  to  Facet  Enterprises,  Inc., 
September  1983. 

Little,  W.M.,  et  al. ,  "Me Co 11  Site  Investigation  -  Phase  1,"  Radian  Corpora¬ 
tion  Report  to  the  Participants  Committee,  November  1982. 

Little,  W. M. ,  et  al. ,  "Environmental  Considerations  and  Air  Quality  Modeling 
for  the  Freestone  County  Project,”  Radian  Corporation  Report  to  Tenneco  Coal 
Company,  March  1982. 

Grimshav,  T.W. ,  et  al. ,  "Assessment  of  Fluidized-Bed  Combustion  Solid  Wastes 
for  Land  Disposal,"  Draft  Final  Report,  Radian  Corporation  Report  to  EPA 
Industrial  Environmental  Research  Laboratory,  December  1982. 

Little,  W.  M. ,  et  al. ,  "Environmental  Considerations  and  Air  Quality  Modeling 
for  the  Edgewood  and  Mustang  Creek  Prospects  and  Associated  Energy  Park," 
Radian  Corporation  Report  to  Tenneco  Coal  Company,  November  1981. 

Little,  W. M. ,  et  al. ,  "Ground-Water  Impact  of  SRC  Pilot  Plant  Activities  Fort 
Levis,  Washington,"  Radian  Corporation  report  to  Gulf  Mineral  Resources  Com¬ 
pany,  January  1981. 

Little,  W.  M. ,  et  al. ,  "Ground  Water  Modeling  at  an  In-Situ  Coal  Gasification 
Test,"  Radian  Corporation  Report  to  confidential  industrial  client,  September 
1980. 

Little,  W. M.  and  H. J.  Williamson,  "Recommended  Ground-Water  Monitoring  and 
Aquifer  Restoration  Programs,  Future  In-Situ  Coal  Gasification  Test,”  Radian 
Corporation  Report  to  confidential  industrial  client,  September  1980. 

Little,  W.  M.  and  W.  C.  Michelet ti,  "Recommended  Aquifer  Restoration  and  Hydro- 
logic  Testing  Program  for  an  In-Situ  Coal  Gasification  Test,"  Radian  Corpora¬ 
tion  Report  to  confidential  industrial  client,  August  1980. 

Grimshav,  T.W.  and  W. M.  Little,  "Remedial  Measures  Plan  for  a  Spill  of  Solvent 
Refined  Coal  Liquid  at  the  SRC  Pilot  Plant,  Fort  Levis,  Washington,”  Radian 
Corporation  Report  to  Gulf  Mineral  Resources  Company,  August  1980. 

Little,  W.M.,  et  al.,  "Hydrologic  Evaluation  of  a  Combined  Ash/FGD  Sludge 
Storage  Site,  Craig  Station,"  Radian  Corporation  Report  to  Colorado  Ute  Elec¬ 
tric  Association,  July  1980. 

Little,  W.M.,  T. J.  Wolterink,  and  M.H.  McCloskey,  "Water  Availability  Apprai¬ 
sal  for  the  Proposed  Solvent  Refined  Coal-II  Demonstration  Plant,  Monongalia 
County,  West  Virginia,"  Radian  Corporation  Report  to  D. S.  Department  of 
Energy,  February  1980. 
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Little,  W. M. ,  "Water  Quality  Geohydrologic  Consultation  No.  24-0286-77,"  Twin 
Cities  Army  Ammunition  Plant,  Nev  Brighton,  MN,  21-23  July  1976,  U. S.  Army 
Environmental  Hygiene  Agency,  11  January  1977  (six  additional  geohydrologic 
consultations;  sole  author  on  two,  senior  on  three,  junior  on  one). 

Little,  W.M.,  Drinking  Water  Consultation  Visit  No.  24-1301-77,  Joliet  Army 
Aamunition  Plant,  Illinois,  2-4  August  1976,  USAEHA,  9  February  1977  (four 
additional  drinking  water  consultations). 

Little,  W.M. ,  Water  Quality  Geohydrologic  Consultation  No.  24-058-75/76,  Land 
Disposal  Feasibility  Study,  Fort  Polk,  Louisiana,  2-29  April  and  9-29  October 
1975,  USAEHA,  19  August  1976. 

Little,  W.  M. ,  Water  Quality  Geohydrologic  Consultation  No.  24-005-76,  Land 
Disposal  Feasibility  Study,  Fort  Dix,  Nev  Jersey,  21-30  July  and  15-23 
September  1975,  USAEHA,  18  June  1976  (two  additional  land  treatment  evalua¬ 
tions  as  part  of  water  quality  engineering  special  studies). 

Little,  W.  M. ,  Water  Quality  Monitoring  Consultation  No.  24-048-74/75,  Aberdeen 
Proving  Ground,  Maryland,  25-27  February  1974,  USAEHA,  17  December  1974  (three 
additional  monitoring  consultations). 

Little,  W.  M. ,  Water  Quality  Engineering  Special  Study  No.  24-017-74,  Mixing  in 
Receiving  Waters,  7  September-24  October  1973,  USAEHA,  3  January  1974. 

Little,  W. M. ,  Analysis  of  Hydrologic  Transport  of  Tritium,  U. S.  Army  Engineer 
Nuclear  Cratering  Group  Technical  Memorandum  70-7,  Lawrence  Radiation  Labora¬ 
tory,  Livermore,  CA,  April  1971. 

Little,  W. M.,  An  Engineering  and  Economic  Feasibility  Study  for  Diversion  of 
Central  Arizona  Project  Waters  from  Alternate  Sites,  M.S.  Thesis,  Department 
of  Hydrology,  University  of  Arizona,  Tucson,  AZ,  1968. 
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EDUCATION: 

M.A. ,  Geological  Sciences,  University  of  Texas  at  Austin,  1979. 

B. S. ,  Geological  Sciences,  University  of  California  at  Riverside,  1975. 
EXPERIENCE: 

Group  Leader,  Radian  Corporation,  Austin,  TX,  1982-Present. 

Staff  Geologist,  Radian  Corporation,  Austin,  TX,  1979-Present. 

Geologist,  Sargent  and  Lundy  Engineers,  Chicago,  IL,  1978-1979. 

Teaching  Assistant,  University  of  Texas  at  Austin,  1975-1976. 

FIELDS  OF  EXPERIENCE: 

At  Radian,  Mr.  French  is  involved  in  a  variety  of  hydrogeologic  and  geologic 
studies.  His  roles  in  these  studies  range  from  collecting  and  analyzing 
hydrogeologic  data,  interpreting  and  reporting  results  of  investigations,  to 
directing  interdisciplinary  programs. 

Mr.  French  has  been  involved  in  various  aspects  of  ground-vater  investigations 
at  several  hazardous  vaste  disposal  sites.  He  recently  served  as  Project 
Director  for  a  study  of  PCB-contaminated  soils  at  an  industrial  site  in  North 
Texas.  The  study  involved  sampling  and  analysis  of  near-surface  soils  to 
define  the  extent  of  PCB  contamination.  Remedial  measures  options  mere  also 
identified.  Mr.  French  also  developed  a  ground-vater  monitoring  plan  in 
accordance  with  the  Compliance  Agreement  betveen  the  state  and  the  property 
owner.  As  Ground-Water  Task  Leader,  he  supervised  the  installation  of  moni¬ 
toring  veils  at  an  abandoned  petroleum  products  vaste  dump  in  Southern 
California.  This  effort  involved  collection  and  logging  of  soil  samples  and 
collection  of  water  samples  for  chemical  analysis.  Be  later  co-authored  a 
technical  report  on  the  occurrence  and  character  of  ground  water  at  the  site. 
As  Radian's  involvement  in  the  investigation  continued,  Mr.  French  prepared 
technical  designs  and  specifications  for  a  permanent,  post-remedial  action 
ground-vater  swnitoring  network.  Mr.  French  has  also  been  responsible  for 
field  activities  related  to  the  USAF  Installation  Restoration  Program  at 
Tinker  AFB,  Oklahoma.  At  Tinker,  electromagnetics  surveys  were  performed  at 
closed  industrial  vaste  impoundments  and  monitoring  veils  were  installed  near 
landfills.  At  England  AFB,  Louisiana,  Mr.  French  developed  a  work  plan  for 
the  evaluation  of  vaste  disposal  practices  at  the  base. 

As  part  of  a  comprehensive  hydrogeologic  evaluation  of  a  solvent  refined  coal 
pilot  plant  in  Washington,  Mr.  French  supervised  the  installation  of  water 
quality  monitoring  veils  and  conducted  pumping  tests  for  the  evaluation  of 
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aquifer  characteristics.  He  also  supervised  soil  coring  and  sampling  efforts 
at  the  site  of  process  fluid  spill.  Mr.  French  also  served  as  Project  Direc¬ 
tor  for  a  pre-closure  evaluation  of  two  hazardous  waste  impoundments  at  a  wood 
treatment  plant  in  Washington.  The  plant  had  discharged  wastewater  containing 
creosote  and  pentachlorophenol  to  the  unlined  impoundments,  which  are  located 
on  floodplain  sands  and  gravels  of  the  Columbia  River.  A  second  site  was  also 
examined  in  terms  of  disposal  practices  and  the  character  and  volume  of 
wastes.  Results  of  the  pre-closure  survey  were  used  for  a  definition  of  areas 
of  concern  requiring  closure  and  for  the  selection  of  ground-water  monitoring 
parameters  based  on  the  character  and  volume  of  wastes. 

Mr.  French  has  participated  in  several  ground-water  studies  for  Western  coal 
mining  programs.  For  a  large  surface  mine  in  New  Mexico,  he  was  a  principal 
author  of  the  cumulative  hydrologic  impak  assessment  conducted  for  the  Office 
of  Surface  Mining.  Principal  hydrologic  concerns  for  individual  mines  were 
identified  and  compared  to  predicted  hydrologic  impacts  in  order  to  determine 
if  material  damage  would  result  from  mining.  For  a  proposed  commercial  under¬ 
ground  coal  ^asificat ion  project,  Mr.  French  was  involved  in  the  conceptual 
design  of  an  aquifer  restoration  program.  Ground  water  would  be  withdrawn 
from  the  burn  cavity,  treated  at  the  surface,  and  reinjected  into  the  coal 
seam.  As  Task  Leader  for  both  geology  and  ground-water  hydrology  tasks  for  a 
feasibility  study  of  a  proposed  lignite  gasification  facility,  Mr.  French 
investigated  waste  disposal  and  ground-water  supply  issues.  In  addition, 

Mr.  French  examined  the  feasibility  of  a  deep  well  injection  system  for  the 
disposal  of  process  wastewaters.  This  initial  evaluation  included  the  identi¬ 
fication  and  characterization  of  possible  injection  zones,  formation  water 
chemistry,  probable  injection  rates  and  pressures,  and  subsurface  migration  of 
waste  fluids. 

As  a  Project  Director  on  a  quick-response  effort  for  the  Department  of  Energy, 
Division  of  Fossil  Fuel  Processing,  Mr.  French  evaluated  the  water  availabil¬ 
ity  for  a  proposed  solvent  refined  coal  demonstration  plant  in  northwestern 
Kentucky.  This  project  consisted  of  a  comprehensive  appraisal  of  existing  and 
future  water  supplies,  demands,  and  policies  that  affect  water  availability  in 
the  vicinity  of  the  demonstration  plant. 

While  employed  by  Sargent  and  Lundy  Engineers,  Mr.  French  was  involved  in 
detailed  hydrologic  and  geologic  studies  for  Preliminary  and  Final  Safety 
Analysis  Reports  (PSAR  and  FSAR)  for  several  nuclear  power  plants.  The  PSARs 
and  FSARs  involved  detailed  geologic  mapping,  inventory  of  water  wells,  analy¬ 
sis  of  subsurface  flow,  and  reviews  of  regional  geologic  features.  In  a  study 
conducted  with  the  Illinois  and  Indiana  Geological  Surveys,  Mr.  French  ana¬ 
lyzed  stratigraphic,  structural,  and  hydrologic  features  at  sites  in  the 
Illinois  Basin  for  a  compressed  air  energy  storage  project.  Mr.  French 
directed  an  extensive  hydrogeologic  and  geologic  study  of  potential  sites  for 
a  lignite-fired  electric  generation  station  in  Walker  County,  Texas.  Mr. 
French  also  conducted  the  field  program  for  an  engineering  soils  exploration 
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effort  at  a  construction  site  for  a  lignite-fired  power  plant  in  Harrison 
County,  Texas. 

Mr.  French  supervised  several  field  programs  at  Sargent  and  Lundy.  These  pro 
grams  included:  construction  and  testing  of  two  industrial  water  wells  near 
Cincinnati;  installation  and  testing  of  pneumatic  piezometers  at  a  nuclear 
power  plant  excavation  in  northern  Indiana;  and  aquifer  testing  and  analysis 
of  hydraulic  characteristics  of  the  alluvial-glacial  outwash  aquifer  near 
Wausau,  Wisconsin. 

HONORARY  AND  PROFESSIONAL  SOCIETIES: 

American  Institute  of  Professional  Geologists,  CPGS  No.  6307;  California 
Registered  Geologist  No.  3804;  Ground-Water  Technology  Division  of  the 
National  Water  Well  Association;  Geological  Society  of  America. 

PUBLICATIONS /REPORTS : 

French,  L. N.  and  J. L.  Machin,  "Cumulative  Hydrologic  Impact  Assessment  for 
McKinley  Mine,"  Radian  Corporation,  Austin,  TX,  January  1984. 

Little,  W. M.  and  L.N.  French,  "Hydrogeologic  Aspects  of  the  McColl  Site, 
Fullerton,  California,"  Radian  Corporation,  Austin,  TX,  November  1982. 

French,  L. N. ,  "Pre-Closure  Evaluation  of  the  Treated  Wood  Products  Facility 
and  Site  C,  Longview,  Washington,"  Radian  Corporation,  Austin,  TX,  May  1983. 

Lacy,  J.C. ,  L.N.  French,  and  T.W.  Grimshaw,  "Regulation  of  the  Hydrologic 
Impacts  of  Underground  Coal  Gasification,"  jyg.  Proc.  Sixth  Underground  Coal 
Conversion  Symposium,  Shangri-La,  OK,  pp.  V-79  thru  V-88,  July  1980. 

French,  L. N. ,  et  al. ,  "Environmental  Constraint  Analysis  of  the  Proposed 
Coastal  Bend  Coal  Gasification  Project,"  Radian  Corporation,  Austin,  TX, 
August  1981. 

White,  D. M.  and  L.N.  French,  "Evaluation,  Screening,  and  Prioritization  of 
Candidate  Gulf  Coast  Lignite  Resource  Blocks,"  Radian  Corporation,  Austin,  TX 
April  1981. 

French,  L.N.  and  J. L.  Machin,  "Water  Availability  Appraisal  for  the  Proposed 
Solvent  Refined  Coal-I  Demonstration  Plant,  Daviess  County,  Kentucky,"  Radian 
Corporation,  Austin,  TX,  December  1979. 

U. S.  Bureau  of  Land  Management,  "Proposed  Camp  Swift  Lignite  Leasing  (Draft 
and  Final  EIS),"  Radian  Corporation,  Austin,. TX,  September  1980. 
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French^  L. N. ,  "Compilation  of  Environmental  Information  for  a  Proposed  Olefins 
Complex,  Brazoria  County,  Texas,"  Radian  Corporation,  Austin,  TX,  July  1981 
(author  of  Ground-Water  Hydrology  and  Topography  and  Geology  chapters). 

Skinner,  F. D. ,  L.N.  French,  and  D. E.  Pusch,  "Regulatory  Review  and  Estimated 
Costs  for  a  Proposed  In-Situ  Gasification  Facility,"  Radian  Corporation, 
Austin,  TX,  April  1982. 
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EDUCATION: 

Master  of  Engineering,  Environmental  Engineering,  (Minor,  Coastal  and  Oceano¬ 
graphic  Engineering),  University  of  Florida,  Gainesville,  FL,  1980. 

Graduate  Studies  in  Statistics,  Florida  State  University,  Tallahassee,  FL, 
1977. 

B. A.,  Environmental  Science,  University  of  Virginia,  Charlottesville,  VA, 

1971. 

EXPERIENCE: 

Staff  Engineer,  Radian  Corporation,  Austin,  TX,  1981-Present. 

Environmental  Engineer,  Radian  Corporation,  Austin,  TX,  1980-1981. 

Graduate  Research  Assistant,  Water  Resources  Research  Center,  University  of 
Florida,  1977-1980. 

Lieutenant,  United  States  Navy,  1971-1976. 

FIELDS  OF  EXPERIENCE: 

While  at  Radian,  Mr.  Wallace  pursues  engineering  solutions  to  environmental 
problems  and  issues  for  both  private  industry  and  government  clients.  His 
experience  and  training  includes  both  operational  management  and  engineering 
research  and  development  roles.  His  primary  research  interests  at  Radian 
include  hydrologic  investigations,  transport  processes  in  natural  systems,  and 
evaluation  of  alternative  waste  management  treatment  systems  for  energy 
industries. 

Mr.  Wallace  is  participating  in  the  preparation  of  RCRA  part  B  applications 
for  a  variety  of  clients  who  operate  hazardous  waste  treatment,  storage,  or 
disposal  facilities.  These  include  two  major  petroleum  refineries,  a  new 
hazardous  waste  incinerator  at  a  major  chemical  manufacturing  facility,  and  a 
research  and  development  facility  for  a  new  PCB  thermal  destruction  process. 
Mr.  Wallace  has  been  involved  in  all  phases  of  the  requirements  for  a  RCRA 
permit  incuding  incinerator  and  land  treatment  demonstrations,  liner  compati¬ 
bility  testing,  ground  water  investigations,  and  facility  management  plans. 

Mr.  Wallace  was  the  project  director  of  a  study  of  wastewater  treatment 
alternatives  available  to  a  major  Midwest  refinery  which  had  been  unble  to 
consistently  meet  its  NFDES  discharge  limitatinos.  The  study  included  a 
survey  of  the  literature  and  screening  of  control  technologies  for 
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feasibility  and  cost  considerations.  A  series  of  alternatives  were  developed 
and  the  impact  of  these  alternatives  in  terms  of  cost  and  effectiveness 
evaluated. 

At  Radian,  Mr.  Wallace  has  served  as  the  project  director  for  a  number  of 
programs  related  to  the  feasibility,  environmental  acceptability,  and  permit¬ 
ting  strategy  for  major  new  energy  facilities.  This  work  includes:  a  storm¬ 
water  management  study  for  a  major  oil  refinery  in  the  midwest,  a  feasibility 
study  for  a  proposed  coal  gasification  plant  that  included  separate  studies  on 
site  selection,  environmental  assessment,  regulatory  analysis,  and  CPM  sched¬ 
ule  preparation;  several  programs  to  provide  all  permitting  support  to  pro¬ 
posed  natural  gas-fired  cogeneration  power  plants  to  be  situated  adjacent  to 
major  energy  or  chemical  facilities;  environmental  analysis  of  noise  impacts 
on  nearby  communities  and  wildlife  from  two  large  energy  plants,  one  in 
Kentucky  and  one  in  North  Texas;  hydrologic  analysis  of  the  impacts  of  the 
discharge  of  lignite  mine  depressurization  waters  to  four  small  creeks  in 
Central  Texas;  a  comparative  analysis  of  the  environmental  impacts  of  indus¬ 
trial  lignite  utilization  via  direct  firing  versus  medium  Btu  gasification;  a 
technical  review  of  alternative  stormwater  management/treatment  alternatives 
for  the  solvent  refined  coal  (SRC)  pilot  plant  in  Fort  Lewis,  Washington,  nd 

Mr.  Wallace  is  currently  involved  in  the  conduct  of  environmental  surveys  of 
private  facilities  in  support  of  the  risk  assessment  exercise  required  by  the 
underwriters  of  Environmental  Impairment  Liability  Insurance.  The  survey 
consists  of  applicant  interviews  and  facility  site  visits  to  assess  the  level 
of  environmental  concern  and  conduct,  particularly  in  the  area  of  waste 
handling  and  disposal  practices.  Facility  surveys  have  included  a  hazardous 
waste  treatment  and  disposal  site,  a  multi-facility  metal  fabrication  manu¬ 
facturing  concern,  a  diversified  high  technology  corporation,  a  major  airline, 
and  a  nuclear  power  plant  construction  site. 

Mr.  Wallace  evaluated  the  air  and  water  environmental  impacts  of  alternative 
remedial  actions  proposed  for  the  Superfund  clean-up  of  the  Lipari  landfill  in 
Pittman,  New  Jersey.  At  this  site  a  variety  of  synthetic  organic  chemicals 
were  leaching  into  an  urban  watershed.  In  order  to  predict  the  fate  of  indi¬ 
vidual  chemicals,  Mr.  Wallace  employed  an  environmental  fate  (Fugacity)  model 
to  examine  the  partitioning  behavior  of  the  chemicals  leaching  into  the  water¬ 
course  and  lake  downstream  from  the  landfill.  This  analysis  demonstrated  that 
although  most  of  the  chemicals  were  volatile,  two  substances  Bis  2(chloro- 
ethyl)ether  and  Bis  2(chloroethoxy)ethane  were  soluble  enough  to  be  found  in 
the  stream  and  lake  downstream. 

In  Fullerton,  California,  at  the  Me Co 11  Superfund  site,  Mr.  Wallace  evaluated 
the  odor  impacts  of  various  alternative  clean-up  options  being  considered.  In 
this  effort,  he  exercised  a  calibrated  odor  prediction  model  for  evaluating 
removal  options  involving  site  disturbance.  This  model  strongly  indicated 
that  even  small  disturbances  of  the  site  (by  earth-moving  equipment)  would 
produce  large  odor  impacts  in  nearby  residential  areas. 
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As  a  research  assistant  at  the  University  o£  Florida,  Mr.  Wallace  investigated 
the  hydrology  of  cypress  wetlands  to  assess  their  potential  for  use  as  water 
management  areas  for  secondary  sewage  effluent  recycling.  This  long-term 
study  was  under  the  auspices  of  the  Rockefeller  Foundation  and  the  HANH  Divi¬ 
sion  of  the  National  Science  Foundation.  His  specific  research  task  was  to 
quantify  the  surface-water  budget.  This  included  measurement  and  analysis  of 
basin  geometry;  flow  rate  determination  from  analysis  of  level  records;  and 
development  of  a  mathematical  prediction  model  for  surface  outflow. 

Mr.  Wallace  studied  under  an  EFA-funded  program  to  collect  from  all  sources 
urban  rainfall-runoff-quality  data  for  use  in  modeling  and  for  characteriza¬ 
tion  of  urban  stormwater  runoff.  This  data  base  includes  records  of  over  a 
thousand  rainstorms  from  85  different  catchments  in  urban  areas  all  over  North 
America.  In  this  effort,  Mr.  Wallace  contributed  to  the  design  of  the  data 
structure  and  developed  the  software  programs  to  access,  analyze,  and  display 
the  data.  As  part  of  his  Master's  research  project,  he  examined  the  rela¬ 
tionship  between  stormwater  quality  loadings  and  precipitation  characteris- 


While  in  the  Navy,  Mr.  Wallace  was  assigned  to  several  service  ships  of  the 
U. S.  Atlantic  Fleet  that  performed  a  wide  range  of  ocean  engineering  tasks 
including  diving  operations,  oil  pollution  control,  ship  and  aircraft  salvage, 
and  search  and  rescue  throughout  the  Atlantic  and  Mediterranean. 

PUBLICATIONS: 

"Statistical  Modeling  of  Water  Quality  Parameters  in  Urban  Runoff,"  Master's 
Project,  University  of  Florida,  1980. 

Surface  Water  in  "Cypresa  Wetlands  for  Water  Management,  Recycling,  and  Con¬ 
servation,"  Final  Report  to  National  Science  Foundation,  Center  for  the 
Wetlands,  University  of  Florida,  1980. 

"Review  of  Alternative  Stormwater  Treatment  Systems  for  the  Solvent  Refined 
Coal  (SRC)  Pilot  Plant,  Fort  Lewis,  Washington,"  Technical  Memorandum,  Radian 
Corporation,  Austin,  TX,  1980. 

Environmental  Noise  -  in  "An  Environmental  Assessment  for  a  Geothermal  Direct 
Utilization  Project  in  Reno,  Nevada,"  Radian  Corporation,  Austin,  TX,  1980. 

Surface  Water  and  Noise  -  in  "Environmental  Report:  Combustion  Engineering/ 
Gulf  States  Utilities  Company  Fuel  Gas  Demonstration  Plant,  West  Lake, 
Louisiana,"  Radian  Corporation,  Austin,  TX,  September  1981. 

"Analysis  of  the  Impacts  of  Mine  Depressurization  Discharges  from  the  Milam 
Mine,"  Technical  Memorandum,  Radian  Corporation,  Austin,  TX,  March  1982. 
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"Preliminary  Site  Screening  Studies:  Celanese  East  Texas  Project  Final 
Report,  for  Task  2  and  3,"  Radian  Corporation,  Austin,  TX,  May  1981. 

"Air  Quality  Siting  Constraints  in  Robertson  and  Shelby  Counties,  Texas,” 
Technical  Memorandum,  Radian  Corporation,  Austin,  TX,  July  1981. 

"Environmental  Screening  of  Candidate  Sites  in  Brazoria,  Robertson,  and  Shelby 
Counties,”  Final  Report  for  Tasks  4  and  5,  Radian  Corporation,  Austin,  TX, 
October  1981. 

"Regulatory  Compliance  Schedule  for  Environmental  Licensing  of  a  Coal  Gasifi- 
cation  Facility  in  Texas,"  Final  Report  for  Task  7,  Radian  Corporation, 

Austin,  TX,  October  1981. 

Noise  in  -  "Environmental  Information  Document  for  a  Proposed  Lignite  Benefi- 
ciation  Plant  Demonstration  Project,  Robertson  County,  Texas,"  Radian  Corpora¬ 
tion,  Austin,  TX,  May  1981. 

"Problems  and  Issues  Related  to  Surface-Water  Quality  Regulation,"  Report  to 
the  Department  of  Energy,  Radian  Corporation,  Austin,  TX,  July  1981. 

Noise  and  odor  Chapters  in  -  "Compilation  of  Environmental  Information  for  Tri- 
State  Synfuels  Project,"  Radian  Corporation,  Austin,  TX,  September  1981. 

"Environmental  Assessment  of  Air  Quality,  Surface  Water,  and  Noise  Impacts  for 
the  Proposed  Milam  Mine,"  Radian  Corporation,  Austin,  TX,  July  1982. 

Surface  Water  Controls  in  -  "Evaluating  Cost-Effectiveness  of  Remedial  Actions 
at  Uncontrolled  Hazardous  Waste  Sites,"  Draft  Methodology  Manual,  Radian  Cor¬ 
poration,  Austin,  TX,  January  1983. 

Surface  Water  and  Air  Ouality  in  -  "Draft  Environmental  Information  Document 
for  Remedial  Actions  at  the  Lipari  Landfill,  Pitman,  New  Jersey,"  Radian  Cor¬ 
poration,  Austin,  TX,  October  1982. 

Environmental  Fate  in  -  "Development  of  a  Monitoring  Program  to  Evaluate  the 
Effect  of  Remedial  Actions  at  the  Lipari  Landfill  on  Alcyon  Lake,  Pitman,  New 
Jersey,"  Radian  Corporation,  Austin,  TX,  January  1983. 

"Interim  Task  Report:  Noise  and  Odor,  Texas  Gasification  Project,"  Techncial 
Report,  Radian  Corporation,  Austin,  TX,  January  1983. 

Closure,  Contingency,  and  Training  Plans  in  -  "Hazardous  Waste  Incinerator, 
Industrial  Hazardous  Waste  Part  B  Permit  Application,"  Radian  Corporation, 
Austin,  TX,  January  1983. 
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"Audible  Noise  Measurements  from  an  Electric  Transmission  Line  near  Weimar, 
Texas,"  Technical  Note,  Radian  Corporation,  Austin,  TX,  March  1982. 

"Noise  Assessment  for  a  Proposed  Snack  Food  Manufacturing  Facility  in  Kern 
County,  California,"  Radian  Corporation,  Austin,  TX,  October  1982. 

Surface  Water  in  -  "Site  Evaluation  and  Regional  Screening  Analysis  for  the 
Tuloma  Waste  Management  Facility,"  Radian  Corporation,  Austin,  TX,  February 
1982. 

PRESENTATIONS : 

"Gasification  vs.  Direct  Firing  of  Lignite:  An  Environmental  Comparison," 
Paper  presented  at  American  Water  Resources  Association  Symposium  on  Water 
for  Energy,  Houston,  TX,  December  1980. 

"Permitting  of  a  Hazardous  Waste  Incineration  Facility  in  Northern  Califor¬ 
nia,"  Presentation  to  the  Peninsula  Industrial  and  Business  Association  Sym¬ 
posium  on  Practical  Alternatives  to  the  Land  Disposal  of  Hazardous  Wastes, 
Palo  Alto,  CA,  June  1982. 
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EDUCATION: 

Master  of  Engineering,  Environmental  Engineering  (Hydrology),  University  of 
Florida,  Gainesville,  FL,  1984. 

Bachelor  of  Arts,  Grinnell  College,  Grinnell,  LA,  1976. 

EXPERIENCE: 

Engineer,  Radian  Corporation,  Austin,  TX,  1984-Present. 

Graduate  Research  Assistant,  Department  of  Environmental  Engineering, 
University  of  Florida,  Gainesville,  FL,  1983-1984. 

Chemist  I,  Department  of  Food  Science  &  Human  Nutrition,  University  of 
Florida,  Gainesville,  FL,  1981-1982. 

Laboratory  Technologist  I,  Department  of  Soil  Science  and  Department  of  Fruit 
Crops,  University  of  Florida,  Gainesville,  FL,  1977-1981. 

Graduate  Teaching  Assistant,  Department  of  Botany,  University  of  Florida, 
Gainesville,  FL,  1976-1977. 

FIELDS  OF  EXPERIENCE: 

As  an  Engineer  at  Radian,  Mr.  Gancarz  has  been  involved  with  the  final  prepa¬ 
ration  of  an  atmospheric  modeling  study  for  the  EPA  using  STRATOS.  Mathe¬ 
matical  manipulations  of  the  model  output  as  well  as  graphical  presentation 
were  performed  on  the  IBM  PC  using  Lotus  1-2-3. 

As  a  Graduate  Research  Assistant,  Mr.  Gancarz  was  responsible  for  researching 
and  writing  a  thorough  literature  review  of  the  sources,  effects,  and  regula¬ 
tions  concerning  ambient  air  flourides  for  the  Florida  Department  of  Environ¬ 
mental  Regulation.  A  later  project  under  the  South  Vest  Florida  Hater  Man¬ 
agement  District  involved  a  study  of  the  surface  and  subsurface  hydrology 
around  a  150  MGD  wellfield  in  central  Florida.  The  focus  of  the  project  was  a 
modeling  effort  using  the  hydrologic  models  HSPF  and  PLASM. 

His  graduate  research  was  an  adaptation  of  the  St or age /Treatment  block  of  the 
widely  used  urban  stormwater  runoff  model  SVMM  to  microcomputer.  A  conse¬ 
quence  of  this  research  is  proficiency  with  MS  DOS,  Apple  DOS,  Apple  PASCAL, 
CP/M,  and  the  FORTRAN  compilers  F-80  by  Microsoft  and  IBM  PC  FORTRAN  by 
Microsoft. 

Prior  to  his  return  to  graduate  school,  Mr.  Gancarz  conducted  analyses  of 
pesticide  residues  in  soil  and  tissue  samples  for  the  Institute  of  Food  and 
Agricultural  Sciences  at  the  University  of  Florida.  Various  phases  of  this 
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work  involved  saaple  preparation,  gaa  chromatographic  analyaia,  and  radio- 
iaotope  tracer  techniques.  While  at  the  Department  of  Fruit  Cropa  at  the 
University  of  Florida,  Mr.  Gancarz  developed  an  efficient  aasay  for  cellulase 
isozymes  in  citrus. 

PUBLICATIONS : 

Gancarz,  D.H.  and  W. C.  Huber,  "The  USEPA  Storm  Water  Management  Model 
Storage/Treatment  Block  for  the  IBM  Personal  Computer,”  Paper  to  be  presented 
at  the  Storm  Water  &  Water  Quality  Model  Users  Group  Conference,  Hamilton, 
Ontario,  Canada,  1984  (in  preparation). 

Gancarz,  D.H. ,  et  al. ,  "Ambient  Atmospheric  Fluoride  Pollution  in  Florida," 
Report  to  State  of  Florida  Department  of  Environmental  Regulation,  1983. 

Huber,  W. C. ,  D.H.  Gancarz,  and  R.E.  Dickinson,  "Apple  SWMM,  a  Possibility?" 
Proceedings  of  Conference  on  Emerging  Computer  Techniques  in  Stormwater  Man¬ 
agement,  Ontario,  Canada,  1983. 

Ou,  L. T. ,  et  al. ,  "Infuence  of  Soil  Temperature  and  Soil  Moisture  on  Degrada¬ 
tion  and  Metabolism  of  Carbofuran  in  Soils,"  Journal  of  Environmental  Qual¬ 
ity.  11:293-298,  1982. 
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EDUCATION: 

B. S. ,  Engineering  Science/Environmental  Engineering,  University  of  Texas  at 
Austin,  1979. 

EXPERIENCE: 

Environmental  Engineer,  Radian  Corporation,  Austin,  TX,  1979-Present. 

FIELDS  OF  EXPERIENCE: 

As  an  environmental  engineer  at  Radian,  Ms.  Stein  has  performed  several  waste- 
water,  solid/hazardous  waste,  and  hydrology  related  studies. 

At  present,  Ms.  Stein  is  working  on  several  projects  including  an  evaluation 
of  treated  wastewater  from  a  gasification  facility  for  use  as  cooling  water. 

As  task  leader  on  this  project,  Ms.  Stein  coordinated  laboratory  bench-scale 
cooling  tower  tests  and  was  responsible  for  data  reduction  and  analysis. 

These  data  will  subsequently  be  used  to  verify  Radian's  predictive  cooling 
tower  computer  model. 

In  addition  to  the  cooling  tower  study,  Ms.  Stein  is  also  coordinating  a  proj¬ 
ect  to  characterize  the  Biotechnology  Industry  in  terms  of  major  processes  and 
products  and  to  identify  and  characterize  the  waste  streams  associated  with 
this  industry. 

Ms.  Stein  served  as  Project  Director  in  the  conduct  of  a  laboratory  biological 
treatability  study  of  contaminated  leachate  from  a  superfund  site  in  New 
Jersey.  Specific  issues  addressed  in  this  study  include:  bioaccumulation  of 
contaminants  in  the  waste  sludge,  release  of  volatile  organics  over  the  aera¬ 
tion  basin,  and  overall  treatment  performance  for  the  pollutants  of  concern. 

As  project  director  for  this  study,  Ms.  Stein's  role  included  development  of 
the  test  plan,  monitoring  laboratory  operations,  data  reduction  and  analysis, 
and  overall  project  management. 

For  the  Environmental  Protection  Agency,  Ms.  Stein  recently  participated  on  a 
project  to  perform  a  cost-effectiveness  evaluation  of  various  remedial  action 
alternatives  for  a  superfund  site  in  New  Jersey.  Her  primary  role  on  this 
project  was  to  assess  various  alternatives  for  treatment  of  contaminated 
ground  water  at  the  site.  Specifically,  Ms.  Stein  identified  treatment  alter¬ 
natives,  developed  the  design  criteria  for  each,  and  provided  cost  estimates 
for  leachate  treatment. 

For  a  related  project,  Ms.  Stein  is  participating  in  an  effort  to  prepare  a 
guidance  document  which  can  be  used  by  EPA  and  state  regulatory  personnel  in 
developing  remedial  action  plans  and/or  evaluating  the  factors  affecting 
reliability  and  cost-effectiveness.  Her  task  on  this  project  is  to  develop 
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remedial  action  data  summaries  for  biological  and  in-situ  waste  treatment 
technologies.  Items  to  be  addressed  for  each  technology  include  applicabil¬ 
ity,  limitations,  performance,  reliability,  safety  considerations,  and  devel¬ 
opment  of  a  design  basis  to  derive  cost  estimates. 

For  a  major  industrial  client,  Ms.  Stein  participated  in  a  project  to  evaluate 
remedial  action  alternatives  for  the  clean-up  of  wood  processing  waste  ponds. 
Specifically,  Ms.  Stein  identified  appropriate  technologies  for  treatment  of 
both  the  sludges  and  liquid  wastes  and  assessed  the  expected  performance  of 
each.  Future  work  on  this  project  will  involve  development  of  plans  and  spe¬ 
cifications  for  the  selected  alternative  and  management  of  implementation. 

For  a  major  synfuels  syndicate,  Ms.  Stein  participated  in  the  development  of  a 
test  plan  for  a  bench-scale  biological  treatment  study  of  coal  gasification 
process  wastewaters.  Based  on  the  characterization  of  the  wastewater,  Ms. 
Stein  derived  the  appropriate  operational  parameters  and  was  responsible  for 
monitoring  the  reactors  through  the  acclimation  phase. 

For  EFA's  Effluent  Guidelines  Division,  Ms.  Stein  served  as  Task  Leader  in  the 
Development  of  Effluent  Limitations  Guidelines  and  Standards  for  the  Aluminum 
Forming  Point  Source  Category.  During  the  project  Ms.  Stein  interfaced  with 
both  EPA  and  representatives  from  the  industrial  s  ctor.  Major  activities  on 
this  project  included  responding  to  comments  on  the  proposed  regulation  and 
planning  and  conducting  plant  sampling  trips  in  response  to  industry  comments. 

On  a  major  contract  for  EPA's  Office  of  Solid  Waste,  Ms.  Stein  prepared  an 
engineering  analysis  of  High  Density  Polyethylene  (HDPE)  production  processes. 
This  effort  included  identifying  the  major  production  processes  for  HDPE, 
identification  and  characterization  of  waste  streams  from  these  processes,  and 
development  of  material  balances  for  each  process.  The  purpose  of  this  analy¬ 
sis  was  to  identify  waste  streams  for  potential  listing  as  hazardous  waste 
under  RCRA. 

For  the  Laramie  Energy  Technology  Center  (LETC),  Ms.  Stein  served  as  task 
leader  on  a  project  to  develop  a  Hazardous  Waste  Management  Plan  (HWMP)  and 
Employee  Training  Seminar.  Her  role  on  this  project  included  critical  evalua¬ 
tion  of  waste  handling  procedures,  development  of  the  HWMP  and  Training  Pro¬ 
gram,  as  well  as  presentation  of  the  training  seminar  to  LETC  personel. 

On  another  project  for  LETC,  Ms.  Stein  participated  in  a  project  to  inventory 
and  sample  potentially  hazardous  waste  at  a  Department  of  Energy  (DOE)  facil¬ 
ity.  This  project  involved  participating  in  the  actual  sampling  program, 
classification  of  the  wastes  under  RCRA,  and  development  of  subsequent  dis¬ 
posal  alternatives. 

Ms.  Stein  also  provided  technical  assistance  to  the  Environmental  Protection 
Agency  (EPA)  on  the  development  of  Pollution  Control  Technical  Manuals  for  the 
synfuels  industry.  Her  role  in  this  project  involved  characterization  of 
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process  effluents  and  the  evaluation  of  biological  treatment  performance. 
Additionally,  Ms.  Stein  assisted  in  the  development  of  a  performance  and  cost 
model  of  biological  treatment  for  coal  gasification  wastewaters. 

For  a  major  industrial  client,  Ms.  Stein  recently  performed  a  study  on  the 
characterization  of  BIOX  sludge  from  gasification  wastewater  treatment.  This 
project  involved  wastewater  characterization,  a  quantitative  assessment  of 
BIOX  performance,  and  a  determination  of  trace  metal  concentrations  in  the 
BIOX  sludge. 

Ms.  Stein  participated  in  a  study  of  stormwater  runoff  treatment  for  a  pilot- 
scale  SRC-II  plant.  Her  role  on  this  project  consisted  of  assessing  the  qual¬ 
ity  of  coal  pile  and  general  plant  area  runoff  to  be  treated. 

For  a  generic  study  of  the  environmental  residuals  and  resource  requirements 
associated  with  gasification  of  lignite  in  Texas,  Ms.  Stein  provided  technical 
input  in  the  areas  of  water  resources  and  wastewater  and  solid  waste  resid¬ 
uals.  On  this  project,  Ms.  Stein  <as  also  responsible  for  management  of  the 
project  team. 

Ms.  Stein  was  responsible  for  evaluation  of  surface  coal  mining  wastewater 
treatability  studies  in  support  of  an  EPA  contract  to  develop  effluent  guide¬ 
lines  for  the  Energy  and  Mining  Point  Source  Category.  This  project  involved 
a  critical  evaluation  of  the  methods  used  during  the  studies  as  well  as  analy¬ 
sis  of  the  data  generated. 

Ms.  Stein  has  performed  numerous  surface-water  hydrology  site  assessments  for 
both  government  and  industrial  clients.  These  projects  typically  involve  a 
complete  characterization  of  baseline  conditions  and  quantitative  assessment 
of  potential  impacts  to  surface  waters  by  the  proposed  action. 
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EDUCATION : 

B.A.  Geography,  The  University  of  Minnesota  at  Minneapolis,  1972. 

EXPERIENCE : 

Geographer,  Cartographer,  Policy  and  Environmental  Analysis  Division,  Radian 
Corporation,  Austin,  TX,  1980-Present. 

Drafting  and  Graphics  Assistant,  Dam  Safety  Unit,  Texas  Department  of  Hater 
Resources,  Austin,  TX,  1979-1980. 

Cartographer,  Continental  Map  Inc.,  Austin,  TX,  1978-1979. 

Teaching  Assistant,  University  College-Geology,  University  of  Minnesota  at 
Minneapolis,  1972. 

FIELDS  OF  EXPERIENCE: 

At  Radian,  Ms.  Rossi  is  responsible  for  producing  maps  and  coordinating 
graphics  for  the  Policy  and  Environmental  Analysis  Division.  She  utilizes 
data  from  a  variety  of  technical  disciplines  (geology,  hydrology,  noise  and 
air  monitoring,  sociology,  soils,  and  hydrogeology)  to  create  maps  which 
clearly  and  concisely  illustrate  the  written  text.  Ms.  Rossi  has  been  respon 
sible  for  work  in  the  following  projects: 

o  Develop  base  maps  and  coordinate  graphics  throughout  an  Envi¬ 
ronmental  Impact  Statement  prepared  for  the  U. S.  Bureau  of  Land 
Management  for  a  central  Texas  lignite  mine; 

o  Develop  color  overlay  method  of  mapping  for  site  selection  pro¬ 
cess  of  commercial  waste  disposal  sites  in  Texas  and  south¬ 
eastern  Oklahoma; 

o  Develop  a  series  of  figures  used  as  illustrations  in  a  manual 
for  the  Environmental  Protection  Agency  on  Remedial  Actions  at 
Uncontrolled  Hazardous  Haste  Sites: 

o  Draft  maps  and  coordinate  the  graphics  for  an  Environmental 
Impact  Statement  for  a  synfuels  plant  in  Tennessee; 

o  Create  base  and  thematic  maps  for  Air  Force  Installation 

Restoration  Programs  (Phase  I  and  Phase  II)  for  the  following 
locations:  Kelly  AFB,  Texas;  Hill  AFB,  Utah;  Bergstrom  AFB, 

Texas;  Cannon  AFB,  New  Mexico;  England  AFB,  Louisiana;  Tinker 
AFB,  Oklahoma;  and  Reese  AFB,  Texas; 
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o  Map  limestone  deposits,  lime  plants,  and  limestone  quarries  in 
the  United  States  by  county  in  a  series  of  regional  maps  for 
the  Electric  Power  Research  Institute; 

o  Map  compliance/non-compliance  with  air  pollution  standards  for 
counties  in  the  United  States  in  a  series  of  EPA  regional  maps; 

o  Map  concentrations  of  selected  air  pollutants  in  the  El  Paso, 

Texas,  area  or  a  Texas  Air  Control  Board  study  in  a  series  of 
quarterly  and  annual  reports; 

o  Prepare  aerial  photography  history  of  a  wood  preserving  plant 
for  a  commercial  client  which  included  extensive  research  of 
available  aerial  photography  and  interpretation  of  those  photos 
to  determine  historical  features  of  interest; 

o  Prepare  complex  permitting  schedules  for  proposed  mines,  energy 
facilities,  and  hazardous  waste  handling  sites; 

o  Preparation  of  base  and  thematic  maps  for  various  feasibility 
studies,  fatal  flaw  analyses,  Environmental  Information  Docu¬ 
ments,  and  Environmental  Impact  Statements;  and 

o  Research  of  available  map  resources,  aerial  photography,  remote 
sensing  products,  and  mapping  technologies  as  required  by  indi¬ 
vidual  client  needs. 

While  with  the  Texas  Department  of  Water  Resources,  Ms.  Rossi  worked  in  the 
graphics  section  of  the  Dam  Safety  Unit,  a  federal  grant  program.  She  pre¬ 
pared  maps  and  exhibits,  and  laid  out  phototypset  text  into  camera-ready  form 
according  to  standards,  developed  with  her  assistance,  for  the  technical 
reports  written  by  the  engineering  section. 

During  her  employment  with  Continental  Map  Incorporated,  Ms.  Rossi  was  in¬ 
volved  in  all  phases  of  four  color  map  production.  These  included  source 
information  procurement  and  classification,  imaging  base  maps,  scribing 
plates,  cutting  specialties,  sizing  and  adhering  type,  designing  customer  copy 
panels,  indexing  streets  and  points  of  interest,  photo-lab  contact  reproduc¬ 
tion  of  base  plates,  and  the  final  compositing  of  the  four  negative  plates  to 
be  sent  to  the  printer.  These  maps  included  large  metroplex  areas,  counties, 
enlarged  downtown  sections,  and  simplified  principle  city  thoroughfares. 

While  employed  by  the  University  of  Minnesota  as  a  Geology  Teaching  Assistant, 
Ms.  Rossi  taught  geology  laboratory  sessions,  prepared  geology  lab  work  mate¬ 
rials,  tutored  students,  and  assisted  the  professors  by  preparing  classroom 
presentations  and  grading  and  proctoring  exams. 
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EDUCATION: 

M.A. ,  Geological  Sciences,  The  University  of  Texas  at  Austin,  1979. 

B.A. ,  Geology,  Trinity  University,  1973. 

EXPERIENCE : 

Department  Head,  Radian  Corporation,  Austin,  TX,  1982-Present. 

Group  Leader,  Radian  Corporation,  1979-1982. 

Senior  Geologist,  Radian  Corporation,  1980-Present. 

Staff  Geologist,  Radian  Corporation,  1978-1980. 

Research  Scientist  Associate,  The  University  of  Texas  at  Austin,  Bureau  of 
Economic  Geology,  1975-1978. 

Research  Scientist  Assistant,  The  University  of  Texas  at  Austin,  Bureau  of 
Economic  Geology,  1973-1975. 

FIELDS  OF  EXPERIENCE: 

At  Radian,  Ms.  St.  Clair  has  had  extensive  experience  in  studies  relating  to 
ground-water  geology,  waste  disposal,  and  environmental  impacts.  Her  work  has 
included  acquisition  of  data  on  ground  water,  assessment  of  water  quality 
impacts,  and  compilation  and  interpretation  of  geologic  data  including  geo¬ 
physical  and  core  logs,  and  evaluation  of  impacts  of  waste  disposal  and  other 
activities.  In  hazardous  waste  studies  her  work  has  also  involved  evaluation 
of  remedial  action  alternatives  and  interface  with  engineers,  chemists  and 
other  specialists  regarding  various  aspects  of  hazardous  waste  investigations 
including  engineering  design  and  cost  of  remedial  action,  control  of  emissions 
and  odors,  and  waste  characteristics.  As  Department  Head  at  Radian  Ms.  St. 
Clair  supervises  the  work  of  geologists,  hydrologists,  and  ecologists  and  has 
management  and  technical  review  responsibility  for  programs  in  these  technical 
areas. 

Ms.  St.  Clair  was  Project  Director  for  the  second  phase  of  a  continuing  study 
at  the  McColl  hazardous  waste  site  in  the  Los  Angeles  area.  In  this  phase, 
data  collected  in  Radian's  Phase  1  field  investigation  of  the  site  were  eval¬ 
uated  and  used  in  the  selection  and  design  of  the  remedial  action  plan  for  the 
site.  The  site,  which  is  located  adjacent  to  a  residential  and  recreational 
area,  contains  various  hydrocarbon  wastes,  principally  acidic  refinery  sludges 
and  drilling  muds.  Control  of  volatile  emissions,  odors,  and  the  potential 
for  contamination  of  surface  water  and  ground  water  were  addressed  in  the 
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remedial  action  design.  The  design  must  meet  strict  criteria  regarding  expo¬ 
sure  to  contaminants  both  during  remedial  action  implementation  and  over  the 
long  term. 

Ms.  St.  Clair  has  major  responsibility  for  studies  being  performed  at  several 
uncontrolled  hazardous  waste  sites,  including  sites  identified  as  priority 
sites  for  remedial  action  under  Superfund.  She  was  Project  Director  for  the 
first  phase  of  a  study  to  evaluate  ground-water  conditions  at  a  Superfund  site 
in  up-state  New  York  which  was  used  for  disposal  of  wastes  from  a  metal  plat¬ 
ing  operation.  The  study  included  installation  of  monitor  wells  and  test 
borings  and  collection  of  soil  and  ground-water  samples  in  order  to  define  the 
presence  or  extent  of  subsurface  contamination.  Based  on  the  results  of  the 
field  investigation,  recommendations  for  further  study  or  remedial  action  were 
developed.  During  the  course  of  this  program,  Ms.  St.  Clair  has  been  involved 
in  initial  site  evaluation  and  data  collection,  development  of  a  site  field 
program,  and  interface  with  state  and  federal  regulatory  agencies. 

Ms.  St.  Clair  has  had  overall  technical  responsibility  for  a  variety  of  activ¬ 
ities  for  the  EPA  Solid  and  Hazardous  Haste  Research  Division.  These  studies, 
generally  involving  technical  support  of  Superfund  activities,  have  included  a 
field  geophysical  survey,  treatability  studies,  column  absorption/desorption 
studies,  hydrogeologic  evaluations,  review  of  feasibility  studies,  and  evalua¬ 
tion  of  remedial  action  technologies  for  approximately  ten  Superfund  sites. 

Ms.  St.  Clair's  role  included  project  management,  technical  supervision  and 
review,  and  agency  coordination. 

For  the  Lipari  landfill  Superfund  site  near  Pitman,  New  Jersey,  Ms.  St.  Clair 
was  responsible  for  coordinating  a  variety  of  technical  activities  as  support 
to  EPA  Region  II.  The  site  contains  a  variety  of  industrial  wastes,  of  which 
several  volatile  organic  chemicals  known  to  be  extremely  hazardous  are  of 
primary  concern.  Leachate  seeps  enter  surfac*  streams  adjacent  to  the  site 
and  have  resulted  in  a  ban  on  fishing  and  boating  in  a  lake  1000  feet  down¬ 
stream.  Ms.  St.  Clair  had  overall  responsibility  for  coordinating  the  follow¬ 
ing  activities  at  this  site — cost-effectiveness  evaluation  of  32  remedial 
action  alternatives,  preparation  of  an  Environmental  Information  Document 
assessing  the  environmental  impacts  of  remedial  action  alternatives,  defini¬ 
tion  of  baseline  conditions  and  design  of  a  long-term  monitoring  program  on 
the  lake,  and  a  treatability  study  of  the  landfill  leachate.  For  all  these 
activities  Ms.  St.  Clair  was  the  principal  interface  with  EPA  and  had  primary 
technical  review  and  management  responsibility. 

In  a  study  for  the  EPA  Municipal  Environmental  Research  Laboratory,  Ms.  St. 
Clair  supervised  development  of  a  methodology  for  conducting  evaluations  of 
cost-effectiveness  of  remedial  actions  at  uncontrolled  hazardous  waste  sites. 
Under  the  Comprehensive  Environmental  Response,  Compensation  and  Liability  Act 
(Superfund),  remedial  actions  conducted  at  Superfund  sites  must  be  demon¬ 
strated  to  be  cost-effective.  The  study  involved  review  of  technical  and  cost 
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data  on  remedial  technologies,  evaluation  of  methodologies  for  cost-effective¬ 
ness  and  related  types  of  analyis,  assessment  of  impacts  of  time  and  discount 
rates  on  the  evaluation,  and  development  of  the  analytical  framework  and 
guidance  manual  to  be  used  by  decision  makers  in  selecting  remedial  measures. 

Ms.  St.  Clair  has  participated  in  Radian's  activities  related  to  collection  of 
insurance  underwriting  information  for  Environmental  Impairment  Liability 
(EIL)  Insurance.  She  worked  closely  with  Radian's  parent  company,  Hartford 
Steam  Boiler  Inspection  and  Insurance  Company  (HSB)  in  developing  procedures 
for  collection  of  technical  and  engineering  underwriting  information  and  func¬ 
tions  in  a  Quality  Assurance  role  by  reviewing  results  of  all  Radian  investi¬ 
gations  of  this  type.  In  1981  Ms.  St.  Clair  was  Project  Director  for  a  risk 
assessment  of  three  power  plants  in  the  Boston  area.  The  study  involved  brief 
site  visits  and  review  of  corporate  and  regulatory  agency  files  in  order  to 
assess  the  potential  for  gradual  environmental  impairment  as  a  result  of  plant 
activities.  The  study  included  assessment  of  ground-water  conditions,  waste 
management  practices,  hazardousness  of  materials  used  on-site,  population-at- 
risk,  and  corporate  approach  to  environmental  matters.  A  report  was  prepared 
containing  information  for  use  in  underwriting  Environmental  Impairment  (EIL) 
Insurance. 

During  1981,  Ms.  St.  Clair  was  Project  Director  for  a  large  program  to  develop 
a  waste  management  strategy  for  the  Wyoming  Coal  Gasification  Project.  The 
program  involved  chemical  and  physical  analysis  and  regulatory  classification 
of  power  plant  and  gasification  wastes  and  organic  by-products.  Based  on  the 
results  of  the  testing,  recommendations  were  made  for  treatment  and  disposal 
of  wastes  to  meet  applicable  regulatory  requirements.  In  addition,  the  study 
included  column  leaching  studies  to  assess  impacts  of  mine  disposal  of  plant 
wastes,  evaluation  of  ground  water  impact  of  disposal  facilities  at  the  plant 
site,  and  preparation  of  applicable  state  and  federal  permit  applications. 

In  1980-1981,  Ms.  St.  Clair  was  Project  Director  for  a  program  to  evaluate 
waste  disposal  practices  and  ground-water  conditions  at  a  large  petroleum 
refinery  in  Kenai,  Alaska.  The  study  focused  on  development  of  a  long-term 
waste  management  strategy  for  disposal  of  refinery  wastes,  principally  API 
separator  bottoms  and  crude  tank  bottoms,  which  have  been  designated  as  haz¬ 
ardous  wastes  under  RCRA.  Initially  Ms.  St.  Clair  supervised  design,  in¬ 
stallation  and  sampling  of  ground-water  monitoring  wells  in  the  vicinity  of 
existing  disposal  sites  in  order  to  assess  the  water-quality  impacts  of  past 
disposal  practices.  Samples  of  all  refinery  waste  streams  and  wastes  from 
existing  pits  were  characterized  for  the  purpose  of  developing  a  plan  for 
closure  of  existing  pits  and  an  ultimate  waste  management  plan.  Options  were 
evaluated  with  respect  to  technical  feasibility  (particularly  in  light  of 
climatic  factors),  environmental  acceptability,  regulatory  compliance,  and 
economics. 

In  1979,  Ms.  St.  Clair  was  Project  Director  for  an  investigation  of  soil/ 
ground-water  contamination  and  remedial  action  at  a  pesticide  formulation 
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facility  in  north  Texas.  The  study  was  aimed  at  evaluating  possible  contam¬ 
ination  from  underground  waste  storage  tanks  suspected  of  leaking.  Ms.  St. 
Clair  initially  conducted  sampling  of  soils  in  the  vicinity  of  the  tanks  to 
determine  if  leakage  had  occurred.  She  also  designed  and  supervised  instal¬ 
lation  of  a  network  of  ground-water  monitoring  wells  in  order  to  evaluate 
ground-water  flow  at  the  site  and  to  assess  water-quality  impacts  of  the  sus¬ 
pected  leakage.  During  drilling,  core  samples  were  taken  in  both  the  unsat¬ 
urated  and  saturated  zone  for  chemical  analysis.  Ms.  St.  Clair  performed  slug 
tests  on  the  wells  to  provide  data  on  aquifer  properties.  She  also  supervised 
infiltration  tests  in  order  to  evaluate  the  surface  infiltration  conditions 
and  to  qualitatively  assess  the  potential  for  leachate  generation.  Based  upon 
the  results  of  this  study,  recommendations  were  made  for  further  studies  and 
possible  remedial  actions. 

In  a  study  to  determine  impacts  of  a  product  spill  at  a  Solvent  Refined  Coal- 

II  demonstration  plant  in  Fort  Lewis,  Washington,  Ms.  St.  Clair  was  respon¬ 
sible  for  portions  of  the  ground-water  evaluation,  including  installation  of 
monitoring  wells,  measurements  of  water  levels,  and  interpretation  of  hydro- 
logic  and  chemical  data.  She  was  also  involved  in  interfacing  with  state 
regulatory  agencies. 

Ms.  St.  Clair  was  Project  Director  of  a  study  for  EPA  Region  III,  evaluating 
the  suitability  of  land  around  the  Cheswick  Power  Station  near  Pittsburgh, 
Pennsylvania,  for  disposal  of  coal  ash  and  scrubber  sludge.  The  study  was 
conducted  as  technical  support  for  enforcement  actions  brought  by  EPA  Region 

III  concerning  alleged  violations  of  air  emissions  regulations  from  the  coal- 
fired  power  plant.  In  the  event  that  installation  of  SO2  scrubbers  was  to  be 
required  by  EPA,  this  study  was  underaken  to  document  the  availability  of  land 
for  disposal  of  wastes  from  the  scrubbers.  During  the  study,  Ms.  St.  Clair 
supervised  a  multidisciplinary  team  evaluating  the  hydrogeology,  transporta¬ 
tion,  land  use,  ecology,  and  economic  factors  affecting  the  acceptability  of 
sites  in  the  vicinity  of  the  plant  for  disposal  of  wastes. 

In  a  study  for  EPA  Region  VII,  Ms.  St.  Clair  supervised  several  programs  con¬ 
cerned  with  suitability  of  soils  for  septic  tanks  and  nitrate  contamination  of 
ground  water  in  Missouri.  Ms.  St.  Clair  supervised  technical  efforts  on  three 
programs.  One  program  involved  detailed  soils  mapping  and  field  examination 
of  septic  tank  failures  in  Greene  County,  Missouri,  and  in  order  to  develop  a 
septic-tank  suitability  map.  Another  study  focused  on  determination  of  any 
relationships  between  water  well  construction  practices  and  occurrence  of 
ground  water  contamination  in  Howell  County,  Missouri.  It  involved  a  field 
survey  for  sampling  of  ground  water  and  for  obtaining  information  on  well 
construction.  A  third  program  was  conducted  to  develop  a  regional  map  of 
nitrate  concentrations  in  ground  water  in  the  four-state  area  of  EPA  Region 
VII.  In  addition  to  development  of  technical  reports  for  each  of  these 
studies,  reports  were  prepared  for  lay  readers. 
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Ms.  St.  Clair  vas  Project  Director  for  a  feasibility  and  site  selection  study 
for  an  in-situ  gasification  project  utilizing  Texas  lignite.  The  study 
focused  on  evaluation  of  environmental  factors  that  might  affect  project 
feasibility.  Ms.  St.  Clair  was  involved  in  overall  project  coordination  as 
well  as  studies  related  to  environmental  and  hydrologic  conditions  at  several 
candidate  sites. 

As  a  research  associate  at  the  Bureau  of  Economic  Geology,  Ms.  St.  Clair  was 
involved  in  numerous  studies  requiring  collection  and  interpretation  of  geo¬ 
logic  data,  sampling  and  chemical  analysis  of  ground  water,  and  evaluation  of 
environmental  and  engineering  impacts  of  man's  activities.  She  was  respon¬ 
sible  for  the  preparation  of  maps,  technical  reports,  and  presentations,  as  a 
part  of  these  programs. 

PROFES S TONAL / TECHNICAL  SOCIETIES : 

American  Institute  of  Profession  Geological  Scientists,  Certified  Professional 
Geological  Scientist  4741;  National  Uater  Well  Association,  Ground  Water  Tech¬ 
nology  Division;  Geological  Society  of  America;  Austin  Geological  Society. 

PUBLICATIONS : 

Radian  Corporation,  "Cost-Effectiveness  Evaluation  of  Remedial  Action  Alter¬ 
natives  for  the  Me Co 11  Site,  Fullerton,  California,"  Final  Report,  June  1983. 

Radian  Corporation,  "Environmental  Assessment  of  the  Remedial  Action  Alter¬ 
natives  for  the  McColl  Site,  Fullerton,  California,"  Final  Report,  June  1983. 

Radian  Corporation,  "Evaluating  Cost-Effectiveness  of  Remedial  Action  at  Un¬ 
controlled  Hazardous  Waste  Sites,"  Draft  Methodology  Manual,  January  1983. 

St.  Clair,  A. E. ,  M. H.  McCloskey,  and  J.  S.  Sherman,  "Development  of  a  Framework 
for  Evaluating  Cost-Effectiveness  of  Remedial  Actions  at  Uncontrolled  Hazard¬ 
ous  Waste  Sites,"  Proceedings,  Third  National  Conference  on  Management  at 
Uncontrolled  Hazardous  Waste  Sites,  Washington,  DC,  December  1982. 

Radian  Corporation,  "Draft  Environmental  Information  Document  for  Remedial 
Actions  at  the  Lipari  Landfill,  Pitman,  New  Jersey,"  July  1982. 

Radian  Corporation,  "Cost-Effectiveness  Assessment  of  Remedial  Action  Alter¬ 
natives,  Lipari  Landfill,"  Revised  Draft  Report,  June  1982. 

St.  Clair,  A. E. ,  et  al. ,  "Environmental  Compliance  Review  and  Risk  Assessment 
for  Selected  New  England  Electric  System  Power  Stations,"  Final  Report, 
December  1981. 
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Radian  Corporation,  "Preliminary  Conceptual  Plan  for  Solid  Waste  Management  at 
the  Wyoming  Coal  Gasification  Project,"  submitted  to  WyCoalGas,  Inc.,  February 
1981. 

Radian  Corporation,  "Results  of  Waste  Analyses  and  Preliminary  Recommendation 
of  a  Waste  Management  Strategy  at  Tesoro  Alaska's  Kenai  Refinery,"  December 
1980. 

St.  Clair,  A. E. ,  et  al. ,  "Evaluation  of  Hydrogeology  and  Waste  Management 
Options  at  Tesoro  Petroleum  Corporation's  Kenai,  Alaska  Refinery,"  November 
1980. 

St.  Clair,  A. E. ,  et  al. ,  "California  Heavy  Oil  Production,”  Radian  Corporation 
report  to  the  California  Energy  Comnission,  November  1980. 

George,  F. M. ,  et  al. ,  "Assessment  of  Gulf  Coast  Lignite  Marketability,"  Final 
Report,  August  1980. 

St.  Clair.  A.  E. ,  et  al. ,  "The  Availability  of  Western  Coal  for  California 
Use,"  Final  Report  to  the  California  Energy  Commission,  June  1980. 

St.  Clair,  A. E. ,  et  al. ,  "Preliminary  Fatal  Flaw  Analysis  for  Siting  a  Gasi¬ 
fication  Plant  in  Panola  County,  Texas,"  May  1980. 

St.  Clair,  A.  E. ,  et  al. ,  "An  Investigation  of  Potential  Soil /Ground-Water 
Contamination  at  a  Pesticide  Formulation  Facility  in  North  Texas,  Phase  II," 
Draft  Report,  April  1980. 

St.  Clair,  A.  E.  and  J.  L.  Parr,  "A  Preliminary  Investigation  of  Potential 
Soil/Ground-Water  Contamination  at  a  Pesticide  Formulation  Facility  in  North 
Texas,"  Phase  I  Final  Report,  October  1979. 

Radian  Corporation,  "Preliminary  Environmental  Assessment  for  a  Proposed  Ole¬ 
fins  Complex,  Brazoria  County,  Texas,”  August  1979. 

Grimshaw,  T.W. ,  J.L.  Machin,  J.R.  Mase,  A.E.  St.  Clair,  and  F.H.  Sheffield, 
"Hydrology  Related  Regulatory  Risks  for  Lignite  Mining  at  a  Prospect  in 
Eastern  Texas  and  Western  Louisiana,"  July  1979. 

Garner,  L. E. ,  A.E.  St.  Clair,  and  T. J.  Evans,  "Mineral  Resources  of  Texas 
(map),"  Bureau  of  Economic  Geology,  University  of  Texas,  Austin,  1979. 

St.  Clair,  A.E. ,  "Mineral  Lands  in  the  City  of  Dallas:  Bureau  of  Economic 
Geology,"  University  of  Texas,  Austin,  Geological  Circular  78-1,  1978. 

St.  Clair,  A. E. ,  T. J.  Evans,  and  L. E.  Garner,  "Energy  Resources  of  Texas 
(map),”  Bureau  of  Economic  Geology,  University  of  Texas  Austin,  scale 
1:1,000,000,  1976. 
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St.  Clair,  A.E. ,  C. V.  Proctor,  W.L.  Fisher,  C.W.  Kreitler,  and  J.H.  McGowen, 
"Land  and  Water  Resources,  Houston-Galveston  Area  Council,"  Bureau  of  Economic 
Geology,  University  of  Texas,  Austin,  Land  Resources  Laboratory  Map  Series,  25 
p. ,  4  maps,  scale  1:125,000,  1975. 
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Specifications  of  Ground  Conductivity  Meters 
Utilized  for  Geophysical  Surveys 
(from  manufacturer 1 s  literature,  Geonics,  Ltd.) 
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SPECIFICATIONS  OF  MAGNETOMETER  UTILIZED  FOR  GEOPHYSICAL  SURVEYS 
(From  Manufacturer's  Literature,  EDA  Instruments,  Inc.) 


Dynamic  Range 


Tuning  Metnod 

I  Automatic  Rne  Tuning 

!  Display  Resolution 
Protesting  senativttv 
:  Statistical  Error  Resolution 
Aosomte  Accuracy 

i 

Standard  Memory  caoacitv 
Total  Field  or  Gradient 
neunepomts 
Base  Station 
Display 


RS  232  Serial  I/O  interface 
Gradient  Tolerance 
Test  Mode 

sensor 

Gradient  Sensors 

sensor  cane 

cycling  Time  (Base  Station  Model 

Operating  Environmental  Range 
Power  Supply 


Battery  cartridge/ Beit  ufe 


18,000  to  110,000  gammas.  Ron-over  display  feature 
suppresses  first  significant  digit  upon  exceeding  100.000 
gammas! 

Tuning  value  is  calculated  accurately  utilizing  a  specially 

developed  tuning  algorithm 

±15%  relative  to  amoient  fleir  srengtn  of  last  stored 

value 

0.1  gamma 
±0.02  gamma 

0.01  gamma  j 

±  1  gamma  at  50,000  gammas  at  23*C 
±  2  gamma  over  total  temperature  range 

i  ,200  data  nocks  or  sets  of  readings 
100  data  nocks  or  sets  of  readings 
5,000  data  Diodes  or  sets  of  readings 
custom-designed,  ruggedized  Hand  crystal  dismay  witn  an 
operating  temperature  range  from -40*C  to  +55*cme 
oapiey  contains  six  numeric  digits,  decimal  point  Battery 
status  monitor,  signal  decay  race  and  signal  amplitude 
monitor  and  function  descriptors. 

2400  Baud,  8  data  Bits,  2  stop  Bits,  no  parity 
6,000  gammas  per  meter  (field  proveni 
a.  Diagnostic  testing  (data  and  programmaoie  memory)  | 
B.  Self  Test  inardwarei 

optimized  miniature  design.  Magnetic  cleanliness  is 
consistent  wim  me  specified  aosomte  accuracy. 

0.S  meter  sensor  separation  (standard!,  normalized  to 
gammas/meter.  Optional  1.0  metersensor  separation 
avattatke.  Horizontal  sensors  optional. 

Remains  flemoie  in  temperature  range  specified,  includes 
strain-relief  connector 

Programmaoie  from  S  seconds  up  to  60  minutes  mi 
second  Increments 

-40*cto  ♦  55‘C;  0-100%  relative  numtdlty;  weatnerproof 
Nonmagnetic  recnargeaoie  sealed  lead-add  Battery 
cartridge  or  Belt  recnargeaoie  Ntcad  or  Disposaoie  Battery 
cartridge  or  oeic  or  12V  DC  power  source  option  for  Base 
station  operation. 

2,000  to  S.000  readings,  for  sealed  lead  acid  power  supply.  < 
depending  upon  amoient  temperature  and  rate  of 
readings 


Weigntsand  Dimensions 
instrument  console  Only 
MCad  or  ARtallne  Battery  Cartridge 
NICad  or  AMaene  Battery  Belt 
LeadAdd  Battery  Cartridge 
Lead-Add  Battery  Belt 
Sensor 

Gradient  Sensor 
i0.S  m  separation  -  standard) 
Gradient  Sensor 
ii  .0  m  separation  •  optional) 
Standard  System  complement 


Base  Station  option 
Cradlometer  Option 


2.8  kg,  238  X 150  x  250mm 
1.2  kg,  235  *  10S  x  90mm 

1.2  kg,  540x100  x  40mm  i 

1.8  kg,  235  x105  x  90mm 
1 .8  kg,  540  x  100  x  40mm 

1.2  kg,  56mm  diameter  x  200mm 

2.1  kg,  56mm  diameter  x  790mm 

I 

2.2  kg,  56mm  diameter  xi  joomm 

instrument  console;  sensor;  5-meter  caote  aluminum 
sectional  sensor  staff,  power  supply,  Harness  assemoty, 
operations  manual. 

Standard  system  •■■■■■■I 
Standard  system  ^BO.S  meter  sensor 


E  0  A  instruments  inc 
J  Thomcitffe  Par*  Drive 
Toronto  Ontario 
Canada  M4H  ihi 
Te»e*  06  23222  EDA  TOR 
Caoie  instruments  Toronro 
d  16*  425  ?300 

in  US  a 

ED*  instruments  inc 
5 ’51  ward  Road 
Wheat  Rioqe  Colorado 
uSA  30033 
3031422  9112 


pnnteo  m  Canada 
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1.0  PROJECT  DESCRIPTION 


The  purpose  of  this  project  is  to  determine  if  environmen¬ 
tal  contamination  has  occurred  from  the  waste  disposal  practices 
at  Tinker  AFB,  OK.  The  project  consists  of  a  variety  of  field 
activities;  the  installation  of  wells  and  sample  collection, 
analysis  of  samples,  and  reporting.  This  safety  plan  is  to 
address  the  field  activities. 

The  following  activities  are  required  in  the  field  portion 
of  the  project: 

o  Installation  of  six  deep  sampling  wells  utilizing  an 
air  rotary  drilling  rig  (open  hole  drilling  prior  to 
well  casing  installation) .  These  wells  are  not 
situated  directly  over  the  waste  site,  but  they  may 
pass  through  contaminated  ground  water. 

o  Drilling  of  five  soil  borings  utilizing  a  hollow-stem 
auger.  These  soil  borings  are  directly  over  a  waste 
site. 

o  Collection  of  16  well  water  samples,  six  from  the 
newly  completed  deep  wells,  eight  from  existing 
shallow  ground  water  wells,  and  two  from  the  soil 
boring  holes. 

o  Collection  of  30  soil  samples  from  the  soil  boring 
holes . 

o  Collection  of  five  leachate  samples  from  existing 
seeps. 


o  Collection  of  four  water  samples  from  an  existing 
recreational  impoundment. 

o  Performance  of  surface  geophysical  testing. 

There  exists  a  reasonable  probability  that  all  of  these 
activities,  with  the  exception  of  the  geophysical  testing,  will 
result  in  contact  with  waste  contaminated  materials.  The  waste 
materials  include  pesticide  containers,  a  wide  variety  of  sol¬ 
vents  (including  trichloroethylene),  metal  plating  wastes,  fuels 
and  oils  and  radioactive  wastes.  It  is  considered  highly  im¬ 
probable  that  radioactivity  will  be  encountered  in  any  samples 
except  the  impoundment  water  samples,  and  there  in  low  to  back¬ 
ground  levels. 


2.0  RATIONALE  OF  SAFETY  APPROACH 


The  Supervising  Geologist  is  responsible  for  the  proper 
execution  of  the  safety  plan  described  herein  which  is  for  the 
prevention  of  deleterious  exposure  to  hazards  associated  with 
the  handling  of  toxic  wastes.  Additionally,  typical  safety 
practices  related  to  drilling  activities  must  also  be  observed 
(use  of  safety  hats,  shoes,  and  life  vests  in  boat  use,  etc.). 
These  safety  and  health  practices  are  to  be  observed  by  all 
Radian  personnel  and  subcontractor  personnel. 

The  potential  for  worker  exposure  to  fumes  and  vapors 
requires  gas-proof  eye  protection.  This  is  accomplished  by 
using  full-face  respirators.  Respiratory  protection  must  include 
organic  vapor,  acid  gas,  and  fume  protection.  The  expected  con¬ 
centrations  should  be  within  the  capacity  of  air  purifying  res¬ 
pirator  protection.  Ambient  air  monitoring  will  be  performed  to 
provide  an  indication  of  excessive  levels,  which  will  then  require 
increased  protections.  The  collection  of  and  working  with  aqueous 
samples  requires  splash  protection,  to  be  provided  by  coveralls 
and  jackets.  The  handling  of  samples  that  may  contain  a  wide 
range  of  solvents,  including  trichloroethylene,  requires  two- 
layer  hand  protection. 

This  safety  program  is  established  as  a  minimum  requirement. 
Variations  from  the  program  for  greater  protection  will  not  be 
discouraged.  However,  decreasing  the  protection  must  be  author¬ 
ized  by  the  Supervising  Geologist  or  the  Project  Director.  Pro¬ 
gram  changes  will  be  documented  in  the  after-action  report. 


3.0  SAFETY  TRAINING 


Prior  to  the  initiation  of  site  activities,  a  training  ses¬ 
sion  will  be  held  to  discuss  the  proposed  work,  associated  safety 
and  health  plans,  and  emergency  response  plans.  All  personnel 
assigned  to  drilling  activities  and  water  sampling  efforts  will 
be  instructed  regarding  the  potential  health  and  safety  hazards 
associated  with  the  work  and  protective  measures  available. 
Specifically,  the  following  topics  will  be  covered  in  the  train¬ 
ing  session: 

o  Potential  routes  of  contact  with  toxic  and/or  corrosive 
substances 

-  skin  contact/adsorption 

-  eye  contact 

-  inhalation 

-  ingestion 

o  Types,  proper  use,  limitations  and  maintenance  of 
applicable  protective  clothing  and  equipment 

-  safety  helmet 

-  industrial  safety  glasses 

-  chemical  goggles 

-  chemical  resistant  gloves 

-  chemical  resistant  safety-toe  boots 

-  chemical  resistant  body  coverings  (apron,  blouse,, 

trousers,  coveralls) 

o  Respiratory  protection  using  half-  and  full- 

facepiece  air  purifying  respirator  with  replace¬ 
able  filter  cartridges 

-  Hierarchy  of  protective  controls:  engineered, 
administrative,  work  practice,  personal  protective 
clothing  and  equipment. 


-  Forms  of  respiratory  protection:  air  purifying 
(disposal/reusable),  air  supplied,  self  contained. 

-  Selection  of  respiratory  protection  based  on  hazard: 
dust,  fume,  mist,  gas,  irritant,  warning  properties. 

-  NIOSH  certification/approval  of  respiratory  protec¬ 
tion  equipment. 

-  Medical/physical/physiological  fitness  to  wear  res¬ 
piratory  protection  (e.g. ,  spirometry,  clean  shaven, 
etc . ) . 

-  Reevaluation  of  respirator  selection. 

-  Use,  limitations  and  maintenance  of  full-facepiece 
air-purifying  respirator:  qualitative  fit  test, 
routine  inspection,  replacement  of  parts,  cleaning/ 
disinfection,  storage. 

-  Use,  limitations  and  maintenance  of  half-facepiece 
air-purifying  respirator:  qualitative  fit  test, 
routine  inspection,  replacement  of  parts,  cleaning/ 
disinfection,  storage. 

Reporting  of  accidents  and  availability  of  medical 

assistance . 


All  monitoring  well  installation  work  will  be  performed  by 
persons  wearing  the  following  required  personal  protective  equip¬ 
ment  : 


o  PVC  bib  overalls 

o  PVC  jacket 

o  Gauntlet  style,  chemical  resistant,  Viton  gloves  over 

butyl  rubber  gloves 

o  Chemical  resistant  safety  toe,  steel  shank  boots 
o  Respirator  (full-facepiece  air  purifying) 
o  Safety  helmet 

Depending  on  site  conditions  and  drilling  conditions,  other 
items  may  be  used  for  supplemental  protection.  Such  items  may 
include : 


o  Tyvek®  coveralls 

o  Chemical  resistant  apron 

o  Respirator  (half-facepiece,  air  purifying) 

o  Chemical  eye  goggles  or  safety  spectacles  with  side 

shields 


Because  of  the  potential  for  migration  of  contaminants  into 
and  through  the  shallow  aquifer  zone,  well-defined  disposal  site 
boundaries  are  uncertain.  Several  disposal  sites  have  a  high 
potential  for  migration  of  contaminants.  Most  of  the  monitoring 
wells  will  be  installed  in  areas  hydraulically  down-gradient  of 
known  disposal  sites  or  in  areas  of  unknown  ground  water  flow 
direction.  Since  the  degree  of  contamination  and  potential 
migration  patterns  of  contaminants  are  not  known,  respirator 
use  will  be  required  as  a  precaution  during  all  drilling  activi¬ 
ties  and  well  installation  work.  Full-facepiece  air  purifying 
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respirators  will  be  used  with  Ultra-Twin  GMC  Cartridges  for  acid 
gases,  dust  and  fume  protection,  and  organic  vapors.  The  Super¬ 
vising  Geologist  may  decide  to  implement  the  use  of  half-face- 
piece,  air  purifying  respirators  depending  on  specific  site  and 
drilling  conditions.  Only  when  well  installation  work  is  being 
performed  in  areas  hydraulically  up- gradient  of  respective  sites 
and  when  there  is  considerable  confidence  that  well  locations 
are  outside  zones  of  possible  cross -contamination,  may  respira¬ 
tor  use  be  discontinued. 


5.0  WORK  ZONES  AND  DECONTAMINATION  PROCEDURES 


To  minimize  the  transfer  of  hazardous  substance(s)  from 
the  site,  contamination  control  procedures  are  needed.  Contami¬ 
nants  must  be  removed  from  people  and  equipment  prior  to  relo¬ 
cation  from  a  work  zone. 

5 . 1  Work  Zones 

Prevention  of  exposures  and  spread  of  contamination  will  be 
controlled  through  the  establishment  of  work  zones.  Two  primary 
work  zones  will  be  utilized  and  will  be  referred  to  as  the  (1) 
Exclusion  Zone  and  (2)  Decontamination  Zone. 

The  Exclusion  Zone  is  the  area  where  disturbance  activities 
are  conducted  and  where  contaminants  are  or  may  be  present.  Only 
those  properly  trained  individuals  attired  in  the  specific  pro¬ 
tective  clothing  and  equipment  will  be  allowed  to  enter  and  work 
in  this  zone . 

The  Decontamination  Zone  is  the  area  where  personnel  and 
equipment  will  be  decontaminated  before  moving  to  the  next  site. 

The  Exclusion  Zone  will  comprise  a  25-foot  radius  circle 
around  the  monitoring  well  and  the  Decontamination  Zone  will 
comprise  a  25 -foot  wide  ring  around  the  Exclusion  Zone  as  shown 
in  Figure  5-1. 

5.2  Decontamination  Procedures 


Personal  protective  equipment  and  drilling/ samp ling  equip¬ 
ment  can  become  contaminated  in  a  number  of  ways  including: 


Support  Zone 


Figure  5-1.  Monitoring  Well  Work  Zone. 


-  Contacting  vapors,  gases,  mists,  or  particulates  in 
the  air. 

-  Walking  through  puddles  of  liquids  or  on  contami¬ 
nated  soil. 

-  Using  contaminated  instruments  or  equipment. 

Protective  clothing  and  respirators  help  prevent  the  wearer 
from  becoming  contaminated  or  inhaling  contaminants,  while  good 
work  practices  help  reduce  contamination  of  protective  clothing, 
instruments,  and  equipment.  Even  with  these  safeguards,  contami¬ 
nation  may  occur.  Harmful  materials  can  be  transferred  into 
clean  areas,  exposing  unprotected  personnel.  Or  in  removing 
contaminated  clothing,  personnel  may  contact  contaminants  on 
the  clothing  and/or  inhale  them. 

Decontamination  consists  of  physically  removing  contami¬ 
nants.  How  extensive  decontamination  must  be  depends  on  a  number 
of  factors,  the  most  important  being  the  type  of  contaminants 
involved.  The  more  harmful  the  contaminant,  the  more  extensive 
and  thorough  the  decontamination  must  be.  Combining  decontamina¬ 
tion,  the  correct  method  of  doffing  personnel  protective  equipment, 
and  the  use  of  site  work  zones  minimizes  cross-contamination  from 
protective  clothing  to  wearer,  equipment  to  personnel,  and  one 
area  to  another. 

Decontamination  at  the  monitoring  wells  will  be  accomplished 
by  physically  removing  contaminants  from  the  surfaces  of  personal 
protective  equipment  and  drilling/ sampling  equipment  with  deter¬ 
gent  water  followed  by  rinse  with  clean  water.  The  process  will 
be  repeated  (see  Figure  5-2). 
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Figure  5-2.  Monitoring  Well  Decontamination  Procedures. 


6.0  SAFETY  MONITORING 


In  addition  to  the  use  of  personal  protective  equipment  and 
respirator  protection,  safety  support  plans  are  also  necessary. 

At  Tinker  AFB,  safety  support  will  constitute  ambient  air  moni¬ 
toring  of  hazardous  and/or  toxic  materials  for  the  protection  of 
Radian  and  Air  Force  personnel  and  emergency  response  in  the 
event  of  an  employee  injury  or  other  medical  emergency. 

6 . 1  Ambient  Air  Monitoring 

Ambient  air  monitoring  will  be  performed  using  two  techniques. 
One  technique  will  use  the  combustible  gas  meter  (TLV  Sniffer) 
and  the  other  will  use  colorimetric  indicator  tubes  and  the  grab¬ 
sampling  method.  All  readings  must  be  documented  (minimum  2/hole) 
in  field  notes. 

Air  monitoring  will  be  performed  during  drilling  activities 
to  determine  if  the  respiratory  protection  chosen  affords  ade¬ 
quate  protection  from  contaminant  concentrations  found  on-site. 

6.1.1  TLV  Sniffer 

A  Bacharach  Instruments  TLV  Sniffer  will  be  used  to  locate 
on-site  organic  vapor  concentrations  that  are  higher  than  ambient 
outdoor  air  concentrations.  The  instrument  will  be  used  to  de¬ 
termine  general  areas  of  elevated  organic  vapor  concentrations, 
and  not  as  a  precision  analytical  instrument.  It  is  an  instan¬ 
taneous  measuring  instrument  and  displays  concentrations  on  a 
meter  in  parts  per  million  (ppm),  referenced  to  hexane. 


The  TLV  Sniffer  displays  a  meter  reading  directly  in  parts 
per  million  (ppm)  volatile  flammable  vapor  allowing  an  estimate 
of  combustible  gas  concentrations.  The  instrument  can  be  cali¬ 
brated  to  read  directly  in  parts  per  million  for  any  one  of  many 
kinds  of  combustible  gases.  Factory  calibration  is  for  hexane 
unless  otherwise  specified,  though  readings  from  other  gases  and 
vapors  may  be  interpreted  easily  by  means  of  reading  conversion 
curves  (Figure  6-1) . 

6.1.2  Grab -Samp ling  Using  Colorimetric  Indicator  Tubes 

A  Draeger®  kit  with  an  assortment  of  indicator  tubes  will  be 
used  to  obtain  quick  analysis  of  unknown  hazardous  substances  in 
air.  The  Draeger®  tubes  are  colorimetric  direct  reading  detec¬ 
tor  tubes  and  .function  as  "real  time"  hazardous  condition  indi¬ 
cators.  Samples  will  be  collected  during  drilling  activities. 

An  initial  screening  tube  (Polytest®)  will  be  used  for  a  general 
qualitative  test.  This  tube  will  give  a  positive  reaction  indi¬ 
cating  the  presence  of  ethyl  acetate,  benzene,  acetone,  alcohol, 
and/or  hydrocarbons.  If  a  positive  reaction  does  occur,  more 
specific  tests  may  be  made  using  more  specifically  reacting 
Draeger®  tubes.  Table  6-1  lists  the  sampling  strategy  to  be  used 
when  obtaining  grab- samples  via  Draeger®  tubes  at  Tinker  AFB. 

In  addition  to  the  Polytest®,  any  of  the  detector  tubes  listed  in 
Table  6-1  may  be  used  individually  if  the  presence  of  that  com¬ 
pound  is  suspected. 

The  respirators  selected  for  use  at  Tinker  AFB  have  been 
assigned  protection  factors  by  the  Natioral  Institute  for  Occu¬ 
pational  Safety  and  Health  (NIOSH) .  These  respirator  protection 
factors  are  listed  in  Table  6-2.  In  event  that  sampling  results 
indicate  that  the  respective  Threshold  Limit  Values  (TLVs)  may 
be  exceeded,  concentrations  should  be  compared  to  the  Protection 
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TABLE  6-1.  DETECTOR  TUBES  FOR  AMBIENT  AIR  MONITORING 
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TABLE  6-2.  RESPIRATOR  PROTECTION  FACTORS 


Type  Respirator 

Facepiece  Pressure 

Protection  Factor 

Half-  or  Quarter-mask, 
High-Efficiency  Air 
Purifying 

negative 

10* 

Full  Facepiece,  High 
Efficiency  Air 

Purifying 

negative 

50* 

*  These  Protection  Factors  pertain  to  properly  fitted  facepieces 
with  new  cartridges  and  filters. 


Factor  associated  with  the  particular  respirator  in  use.  If  the 
concentrations  of  contaminants  are  not  conservatively  within  the 
listed  Protection  Factor,  work  activities  will  be  terminated 
until  satisfactory  respiratory  protection  can  be  obtained. 

6.2  Personal/Site  Hygiene 

Punctured,  internally  contaminated,  cracked,  stubbornly 
soiled,  protective  items  will  be  disposed  in  sealed  plastic  bags. 

Paper,  rags,  and  other  disposables  used  on-site  or  in  equip¬ 
ment/sample  container  clean  up  will  be  disposed  of  in  sealed 
plastic  bags. 

No  food  will  be  consumed  on  the  exploration  site.  Employees 
will  thoroughly  wash  their  hands,  forearms  and  face  before  con- 
f  suming  food  or  beverages  other  than  water  held  in  disposal  cups. 

Drinking  water  will  be  available  at  the  perimeter  of  the  site 
being  investigated.  Disposable  cups  will  be  used  to  consume 
water  after  protective  gauntlet  gloves  are  removed. 

Soil  cuttings  from  augering  which  display  contamination  will 
be  removed  frtim  the  site  in  suitable  sealed  containers  for  even¬ 
tual  disposal. 

6. 3  Emergency  Medical  Services 


In  the  event  of  an  employee  injury  or  other  medical  emergency 
on-site,  the  Supervising  Geologist  and  other  personnel  trained  in 
first  aid  and  CPR  will  immediately  provide  assistance.  An  MSA 
model  self-contained  breathing  apparatus  (SCBA)  will  be  nearby 
for  use  by  the  Supervising  Geologist  and  back-up  geologist  during 
emergency  rescue  situations  requiring  respiratory  protection. 
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